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ICI«J±L, »«?&oT.a-3iS*tt*>»^'< V T > 7 'H^^lttS C k S 'b 
ic, B»JS /HTW * 9 ft Scot. IfefilH k ^Hfll k IS! jB # IB JH T JB 
«k •) ft -S a ic It ^ T , Sit 3 IC l«l ± "t * k o "7 Sftft «b ft * . ^ fc . ^fi co 
«!. PS frg ic ^ \ t U T v * 5 C k ic * 0 , fff t tt. 14 ^ ib IC IS] K -T -5 . Lfc»«-)T, fft Jft la 

§ -5 . 

[ 0 0 3 2 ] 



[0 0 3 3 ] 

c^J:7lc1-£k, &JB&/B#IB/&»lK*>/BffiJ&lcfcuT. «»JB k 411 k *>ffi 
ftt$»5?:i:^<, 46 «K k M3m k *>ffi#1±fc*6«l|g<*>8$Blc <fc o T It ]I f t "3" -2> C 

[ 0 0 3 4 ] 

#&flfllcft43&3&V£4<fl¥£#ISIBlcifUT. & IB Rffcft* k^HJS 
[ 0 0 3 5 ] 

C^<k7lc1-£k. ^IBH/iB^IB^IBtflBKlcfeoTs_fi^IB k^IBUk^W^Jiuffi 
ICUI+ 4£ftt$ fS] LtS'oT, ISfnT^i T fl. o ® # 14 flj 

[0 0 3 6 ] 

* J£ Bfl ic ft S Iff 5 co ^ iP f* i& ffi ti . Sflx±lcff*/£2 tifc<ft*K k . fettlR* £fl3rtt2 ft 
fcilAJA ASfiiW k , tbKIS k ilabjAAgfifcl k ot^lc^fiS^ tlfz<< 'iTM^lttfti 
t iP 1 ic #v, > T . ■>< 'J r > 9 >i mii , M k L T 8£il* a" a , >pjt> 

[ 0 0 3 7 ] 

* JE Bfli;: ft £ 3? 5 tf)T-4P#SSBlc «k 4 k . ffij#7Cffck LTil^#t)-M- >imiz 
t 5 [ii S T\ li If- 5 ft IC 51 lift Iz & : ft L T ^ 4 C k Ic & »J . '< 'It>U IK- i*i »t u T 

ai^ft*.ff.S[ic^ft-t 5»ifti**ff - k < &£<t)t, ^ 'Jth >ng g # ® * 

*tr*Ste«1t*>BJv^**#55B*353t-** - k i«?g 4, 
[ 0 0 3 8 ] 

* ie iiB t « * «f i <r>*i$#imw.<F>mmivft a, s«t±^Kfe»isiciHiSK*0*"t*xsk 

> Dfl fiK «w fi ifti ic vft -5 * t t » &®®it%8®. Mftm* /kV&M&&z<r>M\z&M*nx% 
h ^ <) t * 9 * 0 hK ■* 4 1 S k , 03 515% tl tf> £ ts * i tc . >< 'J r > 9 >im<?> ±lc titf> 
iAASI«%^rt£'t*Xfek*fl|i. 'i ') t > 7 jUR * A3 $ -* * _L *S tt , Jfi -f- IgJft&ftlC J: 
,T1*0 *^^*^*tf 4-5 - klCck •) . &IBSHfc*9Jg<nttJ&k&SI«<fiffl/£fc<7>S 
» + WIS*«I#*lr"f itt-^Jfl-f J* 9 4 sa#IS*fl3flR"* c k fcft » k 

[ 0 0 3 9 ] 

*ftHBlcf**» 1 *>i£ii#3SB*>Mjt7jSclc £ § k » *feJBSHt*9lg k ^IBM k <7>|#£ffl 
ic. Kft^lg <^ ffl^ k ^)B li ^ffl^k<^ a I? + 4 4 ^-/H^FIB «fc 0 4 

* 5B jftlB * S « IC Jfc flR ■* 4 C k -5. C ftlc «k *)\ ^liftftl k &IB 1$ k 

IcS^fi^rf flE L ftv^JS^lctt^T . ^IB^fb^flSlk^lBIS kfWig^tt^mai.lSlciplXS 

k &IBIS k *> iff Wit* ft ±3 -tf-S C k Ic^iniT , S^li<^lf^%1SI 5 IST-^<-r?)Cklc 
J: 0 . flllS ft 3 'J?>? >im~£Mffc-t Z> Tt> '< 'J t > ? >H&<7>JiJ¥£ 

[ 0 0 '1 0 ] 

, EI^^feDSlcvO J; -5 ic . ^IS^ft^fli- ^ v IB IS 6* c IK ic fiHIB 3 ftT 4 

4^'Jt> MiSf^tilSi:, l"lgS*tI*>iitj * n ic , 'J t > 7 *K<w±ictl*> 



oTis^t i * ft ft -3 c kic j: o s &mmit , ®im<nmi&t &mm<r>mm.t<7) 

a « 4" ffl ft 4" m % H "t -5 « » «o J5 -T H £ 9 ft43B8HS*Jf*/aK-t4Mfc#&c k*!Rf» 
[ 0 0 4 1 ] 

*»WIk:&4£ 2 «o ¥ # 31 BE .$|| it £ }£ ic £ 4 k , 4H8HtWH k 411 k <r>|# £S 

ic, 4HB&ft«<7)M t &mm<?>i&i&t <n& wn&fta***? * « r jb ? is- * o 
ft zm®i%* : &%izBf&-t & :t*'T'Si>. :nic «fc o , 4n$Ht$us k &mm t t> 

mizMftWWG. L ftuif tfricJt^T, 4HiHtM k 4HHk *> iB # 1t * JR H US Ic ft ± 

«k 9 ft*a#IB*JK*-t*<wTv 4HKfl:ftlK k 411 k «o PtH ic f? £ 4 31 
»|ii»l|l-wJ8f J| j: 0 ftSif ftlcJt^T. ffi#1t*3 «b ic |pj _L ^ if 4 k v> 7 Sft ^ 6* }f «b 

ft 4 . * fc. HfllSiat ioT^a^t^ ?^cOfft<?ft<0"»M * 'HCkUT, fl£.tt 

^Kfcfrxtt/sf* £X<t a - k 1 i *) . jiM^M^&Mic&ft;* 

if 4 Z k 6» T- g 4 . Z ft IC i 0 . Mtt* 5 «blClSj±S-er* 3 i: § * , Lfci'oT- 
[ 0 0 4 2 ] 

#4 iff 1 /few 21? 2 tf> T-i$#gtt<nflB|jg#8clcfcv>T. 4iaf®ftM£*^^4 

41 1 4isijg£ 4 4H t \t. soicsft z>wm<r> 7t$k~z s> z> z t j lv>. 

[ 0 0 4 3 ] 

jc^iic-t&fc. 0Jittf£lg*frXttJS»#**£ft2 1*4CH-T> il fr£ ft lc 4 H t? 

ft wis. mnt%>ku&mm*rfi&-t?>ztfrn$m}i%z>rzih. gftt^ii^'iTMi 

JR*J^flR-t* C k SCOT. *3(Em«a 1 Xtt» 2 *> T-i*#8K*&» IcflBUfi-f 4 C 

k ft* nj fig T- *> 4 , 
[ 0 0 4 4 ] 

# & AH lc f* * £ 1 &V»2*>¥W#8K*>8l|jg£8clc:fcv*T. 4lg$ftM £$/£"t 4 
4 IPS k 4 ISIS £ $ /ft 4 4 111 k « , ^vUC|Qj-|lMi0 7e^T-*>4 d k $ Lu. 
[ 0 0 4 5 ] 

zct) «k 7 lc-*4 k . 0J*.ttfl5UR*fr%£ft3 il .^ft lc4Hi$ftM. 

IB& tf4HIMM-t4 C k aMflEfc ft.* £tf>, 8ttt«»i^< ')T>y *«*0j«-*-4 
Z k ij'TS 4<0T. 1 XI1I2 ^>^*#SH*S«lc«ji-r* C k a* uj 

[ 0 0 4 6 ] 

#£QBlcf*4 W 3 *>¥**#3SB<nMJB7j)£U: , S ffi ± *> « « fc: |MlS5*0iR"r k 
. G3 m m tc vft 7 «fc 7 ic. A *£IB 7k u&m IS i»* - <^ HE lc fa If $ ft T ft 4 'J r > 7 ^ IS 
£ Jf2 u£ -t 4 1 m k , fin ti y) jA tr «k 7 lc, ^ t > f *HK<w±ta*>ii*E*l*^flRi" 
4 IS k iffix. . ^ 'J r > y nrK*0flR"t *IStt > Jl^J^^^^tc ioTl^-IH* 
«WflR^*fl-ft 7 C tick •) . 4li^ft%&Df4JaJi^^^-r 44H «fc 0 ft4 k^lC, 41s 
mi\l'W<r>mi& k ^niM^ffinK k^lSljr^ ID 09 ftiffifiSSrlr-f 4 m-^J^ 1 ? IB J; •) ft 43B^fB 
*^BR"T4IS*#tfC k%1ffiak t4. 
[ 0 0 4 7 ] 

■ *J£HBlcf** ^ 3 <^^^#^g<^iJ:iH^-Slc £ 4 k . *fe»IRfc4)aJSk^f#^Hlc. 4 
laft-ftW^ffi* k i&flW^ffl.^ k <7>!3 0f4> ra» ftffi.^^^-t 4 m-JST 1 IB * •) ft 4fi^fB 

* f? s ic bk -t 4 c k 4. zftiz^*). m$mt4>.mmt<r>m ftm\zi& : ®®vt?u 

L ft vMi^lcit^T . |fe^^k4iaiik^^t'P±lifRigiKllC|S]±-r4o $iblc, ^^IBft* 

m-tfo/i^piB * ■) ft 4<^t-. nftieiR k 4nii t <t> m ^ #. ^ r f.1-4 c t cm at , m^m 

<r> If * m m % T 9 < -t 4 C k ic * *) . f* IS ft 3 tl 'J T > 9 * R % JKfiR 1" 4 % □ T ft 
oT^t. ') 7 ? 4 I<olSII? f < F^t 5 C t **T I 5 ^) T\ Eift^fRttJaft***. 



[ 0 0 4 8 ] 

* ¥t w \ z & * m 4 <^ * i* # m ■ <r> mm n v£ a . s « ± <r> m m m \z w v & -t * x a t 
■gnm-f sis t . no w* ti ^ & t? * 7 ic >« t > 5 'HR<*>_hicii*>&*Ktt*jf2jft"* 

ft <?) bR K * \ r 4- 7 c t ic «fc *) . &m$kit%i}RU ^llttSfiSt £ 4H «k •) * 4 k£llc. 4 
IHBHbft cottlfiK fc 41I«oI.« t <r>& » + ffl ft £ ffl $ £ 1r * S 18 & /S ^ IB <k 

[ 0 0 4 9 ] 

HfigHL^^fl/ft i: ^IH^ISt <7>ia ar+fflfiS & W£1ft * a R JS ^ IB * 9 

Jf £§§lcfl3/£-t h z t 6*T-§ -5. cniCckO, %£I8 411 <r>m uffilz MUMt'W 

«bicra±-tft fcvOSft** s #'bii*. Ififlfiifi^at.k'jTlSR^'l 
^n-Pftco^t -f * n, [cfcuT, tfiJ£MI]I&ftXiimf4#**&^tolc3£ft;* itKtl: 
d; 0 . jfi #li <r> m rifc £ SPS fa ic $ ft £ it h Z t i)*~Z' S h . Z ft lc <k 9, 8 % H % 3 «b ic ft 
±.2itZ>Z£t)*X-BZ. Lfct«iT, iftftttT*o-tl.'3fflf#1twfiSv^lBK«* : fr-t* 

[ 0 0 5 0 ] 

*ft«Jic^*« 3 XttB 4 ^ i|# SI K <n ®| jg £ tcfcuT . ft ft ft 44 
l(Si:4iai^m/^i--54Wta, liv>lcWflr*|l3R<W7C*T** Z fe s *f * Lu. 
[ 0 0 5 1 ] 

Z<o «k 7 let* t . MitflfcRfcfrXttJaft^fcXftSttSfcltT. g&ftlcg&ni 
& 4 HI £ M 1" £ 3 t ^uj^gi: Mtt*>BSvw< r > 7 >HR * ffij lit * 5 C 

*^B|jc7)^3 Xtt»4 ^T-iP#HK*»«lcWJtt* Z i: *»nj-ft?*>* 

[ 0 0 5 2 ] 

* J£ HI! lc ft * » 3 Xli* 4 cD^igtt^g^M^T&lcfcuT. 4H^ftt/%^^-T44 
[ 0 0 5 3 ] 

c<7>J: 7 let* t » WittiftK^fftSftS **ttttT, iS.^^ lc^^li^^4ISH^ 

3 Xtt» 4.<?>¥il#Hil , eSSlciSlig't S z t A'kT^T** . 

[ 0 0 5 1] 

*#£HJ1 lcft*» 5 w^i»#iSK^M3t^au:. S «i ± <o iffe » IS Ic l>nfB*»ift"t * 18 k 
, [uig^^ffllcvO 7 cfc 7 lc . ffif&ltM t LxmM-Z$t$>< >)T > 9 *K*n5flR-t*Xg t 
. CI 5I> $ iS y> t? J: 7 IC , ') T / 9 'im<r)±\zt&#>&*&1&'&1&l&'t &Xfet*tilX.* 
'i ') t > 9 >iWk*.nr&-t Z>Xfe\$. >< >) t i 9 >if&\zis\-f ZWcMn^fgfr. ') r > 9 >i 

1 1 h . 

[ 0 0 5 5 ] 

*¥&Wlz&i>m 5 ^^^^^P'.coMjh^-Sic J: t . JSTIS^^^vS^ffl^ S C k ic * 

•) . ^flM*ff^.Tifw^ic^fb? itztzi-tx. mmnn&fr. >< r > 7 £ h- a $t « 

Bli:fifi-*Iii^ibW.«>JiAEIIfcHS"t*ffitT. 1 If ^7 IS] ic ]1 ft ic f t "t S «fc 7 lc ^ 'J 
l?ats:H'4'< '< 'J T > 9 >im h •* «w % & * * IC IS] h3ti*:t**Tf 



[ 0 0 5 6 ] 
[ 0 0 5 7 ] 

WT\ *ftBfl^^ 1 ^H*^JIBlc^*¥i?#l5H&V^J?#Sll^ttiS^aicov^Ts 
0 1.0 2 &<7I3 3 ( a ) - ( c ) %#SaL»6*'b»lfl-t*. 
[ 0 0 5 8 ] 

[ 0 0 5 9 ] 

13 1 ic^-f <k 7 ic . y =j >S#x 1 ±lc ttTIB<?)lfe«JR"e*«® 1 0)£Sf£ 2 6*Jfc*3 
ttTfc 9 . mi *>j£«JR 2 +£tt9U 'J T / 9 Jim 3 *1ft*TIB^iiK»-e*fe*» 
l^J0i£*Sl4i , )f^5ftTv^. ftfc, x 'J 3 >S«Ji 1 ±lc tiu 0iU^tf4 7>y 
* 7 ft ir&*ff$/£2 ttTu*. 35 1 nUtmm'l fkv% 1 <7>MKifA 4 <r>t\z\t. M <r> % K % m 
±-ti &WLm±m 5 , 3?2^*feM6. 3? 3 co«fe»JK 7 RVl 4 ^>*6f»IK 8 ft* « lc ff* flR <? 
tt.T u -5 . 
[ 0 0 6 0 ] 

ffi JK 0j ih IS 5 , »2<w«i*Jg6/feV«3 «<fe«IB7 ttt. »l««R«4lcai 
tier*-* l 0 a 6*^^ 3 ti T v> £ # ic , ^ 4 <r> ijfeifi J& 8 ic ti , \£ r * - * 1 0 a 
lcaiJfi?*K«fln 0 b ttTu*. Zioi^ic^ *- ^ 1 0 a 1 

ob^^f^*y7y> ®mm txzmui o c a* as* ^nt^s, 

[ 0 0 6 1 ] 

ftToi. ::T\ 3? 2 «o>< 'J r > 7 * HA 1 tt. DflSK 1 0 c icyft 7 «k 7 IC , flu* Wit IS 
5. 3? 2 ^>«6IKIR 6 , %3nm&M7 Jkvm* <n&&m8<n]LlzMi&2tirz&mm{£tym 

lit. f&&m®nwm i i <r>±.\zmi&2tif!:nwm i 2 a t , mmnm 1 2 a <r>t\zB 
i&$nrz&mM 1 3 1 * 0 ^#is 1 2 a a. &iaiSHt$ng 1 1 t&mm 1 3 t^m 
•s-iTnfi^ic^^^ tiTfc •) . ^isftfcwis 1 1 & ^ & n h 1 3 <?> pi is ^ ffl f£ h » «t» hi *a 
flK%'(r-r*jfi#nsT*>'6« s «bic. ^#ri 1 2 a a m - «o ja -f is * 

[ 0 0 6 2 ] 

13 2 tt. Witt. 4 Ii4 IK 1 3 *ffiftt& tempi t-1 U (R u) i:#lc> £IA 

SHtHflB 1 1 fr&it'iT-O u (R u 0 2 ) T*>£J§&lcfcl+S, '< 'J r > 7 -HA 1 <o 
IS I* ^iqwJBfiH^^flit^ LTv^. 
[ 0 0 6 3 ] 

[3 2 IC /T< "t «fc 7 IC , if-7A (Ru) <fc 9 & 1 3 i: $ft^ ^-^ A ( R u O 

2 ) * 1 Sr*ifeBI*ft«WI« 1 1 fc^mtli. m-^JIlTJi£ •) 44181 1 2 a 6«0flft3 
*lTv>&„ jB^li 1 2 a tt, ^t-7a (Ru) J: 1 £3:&liSIS 1 3 <?> *fl nfc £: 8HL ^ ^ - 
7^ (RuOj ) «k 0 «r4£IRl*fl:*»IS 1 1 <wftflRfc^ + RI(B*a***LTi»*. -tft 

*> - 3B8JB 1 2 a 4>tf> * t- - O U (Ru) ojg® tt . &HJS 1 3 4>*>>u t - ^ A (Ru 
) coffliffi t rkfSSHtM 1 1 t^if (Ru) k <t> 4"l3lft i: 4 o Tfc 

») , £ S&JI 1 2 a 4>«o IS* ( 0) <7>Wlgtt, &HJ$ 1 3 *<r>mm ( 0 ) cO'JgJt ( c 
*>JS i^tt-K p ) t -fomWHtWm 1 1 4><7)g&£ (0) ^iiSi:^o^ra]W'5:•Jilti: ! 5:oTv^-g> 

[ 0 0 6 1] 

$ ib IC . m S5 1 0c<7>l*|gB*tItf>j&t?J:7lC, 4fe II IR 1 3 <0 ± IC , fflb *) % Z ±.1S<r>& 
«T*>4K 2 ^tHifill* 1 4 **fl5*$ tlTuS. ft*?, I? 2 <!0«IE» 1 4 tt . Elfl, tf T 7' 



tt J0 W ft <?> fiR # (WilJ. fifties i , A 1 . MoXliSc^'t) 9 «r 5 

[ 0 0 6 5 ] 

±« 5 ic li s x 'ia > ' s ft Hi . •> 'la > g ft& fbJR , v a > & ft* ft 

* u. * £ % ^3 co^tn 7 « , 1 o b *nm-t * £*>co x >v /« k l 

Titttflg-tSKT*.* Jb', 3? 2 co^iH 6Sy^4 8 k ffl ic fcuT + #* x 

DTSiS&touTli. W 3 co £ iff IS 7 U * I s L t ft 1+ 4 & ?! li 4 v > . 
[ 0 0 6 6 ] 

* £ . » 2 <w *£«|R 6 Jfc V S 4 l|6« HI 8 ic tt , ^ '1 =i > $HtH » 7 -v % K - 7" *, >) u 

li. ft^StfflJfcJIifclcTJ&JiiS tt4J£T£>o T t <k ^ L . * > jtffi&lc T Bf& £ tl 4 S 
OD (spin on dielectric) iT^-jt t » 2 6 & 4 

8 ic ti |flj - co $ W T t * o . 
[ 0 0 6 7 ] 

&M®it'WB 1 1 iStiAlilCtt, Sst^iatHIOSi: J:v». C *UC J: 0 
, IR 2<nMKm 1 4 £ff2/£ L £&lc . 2 <o ic ±JBKtt*Jfc»fc-t 4 XSlc feo T . 4 
0 0 'C ittj & <o M Wjd £ bftS **. *fc5QHIlc «k T^a^ft^lS 1 lt*$ij|ts:tiH; 

[ 0 0 6 8 ] 

. W&*1ftZljti*1tf * Lu. W Kt . MHatfe**-* 4£IB$ft« 1 1 icov^T 3f# 
ft ic it HH "t 4 o 
[ 0 0 6 9 ] 

&iafi*ft«fo)g 1 1 co&Hic tt » (Ti) »-y*3-"*^(Zr) > 

A (HI) , 7 > 7 ;U (Ta) > - * ^ *7 A (Nb) . ?>7^f> (W) » + I* 
( V ) , t'ir?> (Mo) » >\,=r-^ U (Ru) > ;f * 5 ^ ^ A (Os) , p «7 A ( 
Rh) , <\W7U (I r ) . (Pd) > X li 7 * + ( P t. ) ^ffluUi 

[ 0 0 7 0 ] 

2 «o icif £ L < li . >*+*J*JU ( V ) v t'jy?> (Mo) . * - ^ 2* (Ru) s * 
^•-U(Os) - uv^u (Rh) , -f ') v 1> u (I r ) , => v t u ( P d ) - X 
13 V => (P t. ) ft^fflnniu. Zcoj;7lC-r-5,i:. lit ft $ ilT ^ ipflltt 6** * 
< tktitltt^ (tt»tt**'J^^) .fe*>, (RJ&fjicom 2<0'< 'J 7 ^ 7 ilA 1 ft^flR-Ti C 
k fi*TS 6. 
[ 0 0 7 1 ] 

^IBIS I 3 *«flR"t*^f»lctt. *V -*ju (Ti) . 3 = A (Zr) » "7 =. 
(Hf) . 7 > 7 * (Ta) » - * tf ^ A (Nb) . ?>^Xf> (W) . * + 
U (V) , * t* > (Mo) . (Ru) . t^i=-OU (Os) , dx^A 

(Rh) . VJy'^i, (1 r ) . > <5 ^ ^ ^ ( P d ) . X li ^ 7 * + ( P t. ) % ffl § k 
J:u„ 7 > 7 ^cottift^lJ 13 (a* 0 • cm) •) . * ^ U^it^tUlt 7 

. 5 (jifl • cm) T'£>9s -f 'J x -7 A CO It & tft li 6 . 5 (/ifl; cm) 
[ 0 0 7 2 ] 

2iolc£F£L<ia> (V) . =£ y 7" ^> (Mo) , * x - ^ A (Ru) . * 

X3-^A (Os) . ny^i, (Rh) . 4 >) (I r ) . , **^*J*?U (Pd) , X 

li t- 7 x x ( P t ) Sirtfflost iu, tfiji li, * a * ft m colt W tali 35 (m 
(1- cm) 7ft 1 ), -f 'J f ^ ^«EftR<w ItfiJii 3 0 ( m O • c m ) T 3b 4 . C tl -b co ^ 



[ 0 0 7 3 ] 

t?\z tt. 35 2 <z>'< 'JT>? ;HIA 1 «DflRJ9U, 6 5 n m 1£ ft «o ¥ 4* # SE*>fl| tiT'&i\ it 
. Snm~30nmt4-iJ;7lcffM?nsU^ 4 5 nmttfl^^il^^I^ 

3n*. 4fc, Ccn^n. &£86fl3flglcfcl+ft £ 2 ') r > 7 *iA 2 ~A 5 

[ 0 0 7 4 ] 

W±<^«kTic. *?£Hfl<7>§i? 1 <r)%MKm\z&Z>*mfa%kW.\z J: ft k , &HH13k&JI 

■ntuns i i t<^m^m\z\t. &mm 1 3 oMk&n intern 1 1 m $ t « » * w 

09 * ft flR * ^ "t 4 S »IB 1 2 a fr'frfr-t ft ^ T- , ^dfll 1 3 k &IBBHt*folK 1 1 k <o}££ 
rfnlcMH 1 2 a frW1± L ftoJS^lcJt^T . £fSI£ 1 3 k 4 13 ft ft ft 18 1 1 k *>»#tt 

ttiRBWiciaiii-*. ^ <o\z. mnm 1 2 a t^-^m^m x *) *zrz#>. &mm 1 3 1 
&m&itwm 1 1 t cn m # tt ** fa ± -r * c k icw^t . ji&n 1 2 a ^1* A^ttux-i 

< t 4 c £ \z X 0 . BUB ft $ 'J r > 9 >\,m*Bf&? uX-3h oT t . 'J 7 > ? 

n. IR < J&Jft-tft C U'S ft<7>T'> RE ilil <& ft tft ft & X Bi -* ft C £ frT'B ft. L 

fc 6* o T . MtAT'ftoTlo ffi -t 'tttfO ffi u £ IB BIIK * 1T •* ft fl ¥Btt ffi ^ I' m f* ^ S 4 
3?Bt-fft Z k 6*TS 4. 
[ 0 0 7 5 ] 

*4J. &Wftftftlg 1 l*t»fl&-*-4&Hk&«lgl 3 %i*t5^Ht tt. iLOt»4 

4 it si 7c * t LT&cku. c^jss-a, &iai&u i/m&mi 2 a/&m®nmm 1 1 
nwi 1 3 £ &Mfetit®m 1 1 £ i £«ftftftjR 1 1 k&«*ttis 

<0<fe*JR 6 . m 3 <^*fe«IK 7 Xtt»4 OfcfeM 8 ) <M&mz X o T JftiSft"* 4 C k i?*oJ 'ft 

ip#Hia**m-t ft c k 4. 
[0 0 7 6 ] 

£Wftft««*«i£*4&«fc&«ttfcflti£1-4&lSfc«. iivMc |Bj-fiM<7>7i: 
it ITt C <o i§ & li , 3/M»IB 1 2 a /AWftftftfK 1 1 *>JBfl|fl!Uc 

£?uT. ^I9UK 1 3 kjg^fi 1 2 a fc «o l« /fe V jg » IS 1 2 a £&m&itWim 1 1 k ffi^ & 

[0 0 7 7 ] 

(c) *#?ja l * <b aa Hfl -r * . .mttfaicta. ® i t^Lfc*aifl«?>9s :i <r>%%n 
sbic ft 4 ^ is * «i3t t * ^ a* wt ic aaw -t 4 . 

[ 0 0 7 8 ] 

0 3 (a) ~ (c) tt, 1 «w*Jfi0JyHlcftft^i>#351^>flail6^ia*'T<rB 

«I8»rIBBIT*>4. 

[ 0 0 7 9 ] 

* > PI 3 ( a ) ic^-t J; 7 IC. x V n >3|Eflx 1 KicW 1 «0*feHaiS 2 'k'Sfcf&L tz'&\Z . 
asm 1 ^jfeiSUS 2 4> ic m" 1 <^^' il3 **-tft 1 ^«K»4 *^*-t4. ftJs 

. y h ic H . P|5p U T v> 4 o h 7 > x x 7 & k 6*JKi* 3 tiT ft . foe v •> T . 

m i ^Jfe^ii 2 Tkum i <?)H3@e«i4 ^>±ic, M^ata^Wit-tft^fRw^ffiis . f 2wie 

ifffl6. «3«wi(ft«)R7*y»4^>l6i»lil8*«lc»*-t4« fecV^T, «fRWiKK5. » 
2 <w|fe«B 6 & 3 <o/ffe«ll 7 ic . TJW**?? 1 <nfflE*6 4 lcaJS"t ft trr 1 0 a 



4 



*Jf2ift-*-S4:#fc. W, 4 colfiM 8 IC r * - * 1 0 a Ic ilil 1" 4 1 0 b £JrX-ft 

■ti. Z co i 7 ic L T , t* a. t /i, 7* v >• > ffl co tf T * - * 1 0 a ft Stftig 1 0 b J: 9 ft 
SMI 0 c fcflSflR"**. 
[ 0 0 8 0 ] 

St. t* t * - a 1 0 a ft V Kill iff 1 0 b =fc 0 ft h W&l 0 c It , HftiO'J ';^7 i 
r^'rfif , x -v ^ > rRi . t -v v > f fjffi , ft u m # J$ ffir * ffl v> t . W i ttlf M 2 0 0 2 - 
7 5 9 9 4 *f &m ft ir IC m * 3 ^ X v> £ * r >i f v >< > WtM ft ic <k o X 0/ft-f ft J: 

[ 0 0 8 1 ] 

ftlc . 13 ( b ) ic^-f «k 7 ic. DflSP 1 0 c coffiffllcvft 7 «fc 7 Ic . « 2 co&feiif H 6 , 3? 
3 <7)*fc»lg 7 ft^/^4 Hg co±ic^Hieit^ll 1 l*}^flR-r*. ::t\ &JSgHfc 

1 1 tt. /S^H/ftRft (AL D : atomic layer deposition) , ft^mtfl/ftiVft (C 
V D : chemical vapor deposition) . X It %t If % *fl /ft £ ft ( P V D : physical vapor de 
pos i t ion) ft ir co /ft H 7? ft ic «fc -o TJf^/ftl-ft 12 «k u, 
[ 0 0 8 2 ] 

ftlc. 03 (c) ic^J:7ic, &IBBHfc#JJKl lco±lc. 15f ISISi: J; oT, 1 
n i ? >i ftco/ft££ttft 7 C t ic * 9 , M®m 1 2 a ^ffJ/ft^TS , f^ut . ag#li 1 2 a 
co±ic. ft T- HI Jft £ ft X It ty H rvffl /ft £ ft ic * 9, 3£ff>/ft-t£, Cco^icL 

T s &Wr&ltM 1 Is 3S#IB 1 2 a ft V&ISIK 1 3 J: 9 ft 4 3? 2 <r> >* 'I r > 7 >u JK A 1 

6*^^^ ft*. mnm i 2 a u^hk i 3 <r>mi&t ^mmt^m 1 1 <r>®i&t<n 

a ur 1« iaj Cfj ft in^f LTpS. 
[ 0 0 8 3 ] 

;;T. 3? 2 co;< 'J t > ? ;HRA 1 <7>fl?/ft?5ftlc-7UT> fli.U\ ^ lit IS 1 3 

t- ^ (Ru) T'£> 9. &ia&ft!ftlg 1 1 6** ft* "f-^ U (RuOi) T* 
JS&lCooT „ W K Ic # ft HH •* ft. 
[ 0 0 8 4 ] 

m 2 <n>i ') T t 9 ilA 1 ^WSHt^lg 1 1 , «IS 1 2 a ft^^l^rl 1 

3<7)^/ftlcU, £ 5fD J£ -f- IS /ft ^ ft (Jounarl ol The Electrochemical Society, 151. C 
109-C1 12 (2004 ) ) im^io Z <d % £<n rftflg ^ ft t I X \t . WT^iiOT**. "T ft ft *. 
. flitt. ^ t = ^ ^ ( R u ) co V - * # X t L T . Ru ( E tCp) 2 ( £ * ( ^ * * 
y i/ D ^>yyi-0 <tf-9Z,) #*-&m^. 8 0 *Clc v- * #**fin&L fcttfUT 
, 5 0mL/min («IU5«IIB) co A r # ^ T-fii IK L X f$>H * . * fc* SttiMStt 2 5 
Otfft 9 . IS8U4 . 6 8X1 O 2 P a T&S&frTTff ft 7 . mfkff'^t L 

Tli, r^^^^ 7 OmL/m i n Ic A r ^ ^ 1 0 OmL/m i n (^m^flg 

) *iR£LZi#*£<$ffli-4, fit, Ru (EtCp) 2 ^ x * * ^ * ^ 

it ri^Efb^ tt-s c k ic j: *) , &m>i ^ i^frhi&it'i uizx* . a^^m^u 

hZ t fruf mx- 3h Z> . ><>i *&fffl t LXlt . Iseci^iOsec itwHTlii, 
Ru (EtCp) 2^^^'° u X ^^ L ^ -xE^^co^-v^tfo/ico*), Wtfk 

ft * m/IT/Scorl^/ft^i-* C k frXS -So 3 co-iico^t -f ? * * 1 ^ -f ^ * i: -t *. ft 
fc. ifclB ^ t - ^ ^%/ft^-t *JS & ic tt . K3!5^r^<?>^tt«tr'5:*) 1 &v>. 
[ 0 0 8 5 ] 

m i. tf . ^ 2 co 6. S3 colfittlH 7 ft 17^ 4 co$fe^H 8 co ± ic . Ru (EtCp 

) 2 <D >< >i $2seccU, ^Hr^ft^ll 1 1 X2hZ>&\\L>l t - 1 U (Ru O 2 

) IR* 5 n miftf* L fcft. rlrft *• ^ - ^ u t >i =r - +? u t co *P m co|fl/ft * ^ f * a§ »l« 1 
2 a?, Ru (EtCp) 2 co ; < 4, xnfraT? 5 s e c t LT> m-co jSTIB ft^lt^/fti" 
So ftlC 1 3-?fc4*f = 7i. (Ru) I^Ru (EtCp) 2 ^ ^ *H#B1* 

1 0 s e cttSCfclCioTS nmJtfSf 4. C co ck 7 ic L T ff^/ft £ ft 9? 2 co >) r 
> ? *SA 1 (WlSW^lSl^/BTaS^^flirt, Buiii L ^Pl 3 IC^-fii ») T-^So Cco^7 
ic , as ^1 1 2 a co *fl rftco ftl gp ti . * x HI R3 ? £ ft ^ € S C i: ic J: r> X S © tc tT ft 7 C 



[ 0 0 8 6 ] 

}Xlc . DQgp 1 0 c jA * n * <* 7 ic, KbJ*) o S ic =fc >K M 1 0 c A SB * £ t? & 

II 1 3 </>±lcHHI*fl3J*Lfc&k:. mm. 411 1 3 . MH 12a. & V&ESI&ft:*!! 
d 1 1 \z a it -5 m B 1 0 c<ort»W^^W»T*)otW4 <oMH 8 <o±icff^2 ftto 
4gBft£ CMP ic <fc oTHit5 Z k tc <k 9 . ^2 <7>JfflRtfl 1 4 JkU* <r>-W>T'&Z> hf r 
7- 7 r * ff$jfc -t -5 . ;^)j:?i:LT, El .lie ^-tffi is**-* -6 *mW$kW. £ M** 4 z k 
6«?S4. ft*?. J£ft0jihlR5*>i£flS>ibCMP if^IS*»!)3lt: fcT^IBEtt* 
JF2»ft-f 4 z k fe*T-S 4. 

[ 0 0 8 7 ] 

lil ± co <k -5 lc , *5£Hfl<7>^ 1 ^>35Jt^/»t**T*>#SB^Wii^^t * 4 . 
1 3,k&JRIJHt:flJJK 1 1 kcoftifrBlc. 4111 3 <sofflflK k &Httfl:ftIR 1 1 ken 
(3 Kit" Wife ftlflflK£1r-*4 ^-/KT 1J: 0 ft4S#H 1 2 a *§|tWt4.: k ft'T* 
■So iiui£ L fc^^E***-**^ k HI *f Sft jft * » * Z k VT'B 5. "tft;b*> 

. &mm 1 3 1 &mmit%im \ i<r>m-&m\z* &mmi 3 ^mr&t ^mmitwrn 1 i<na 

j£ k 60 a Witt ft M^^Tl" 4MH 1 2 a ^ff«LTv.6^T\ 4111 3t4Ii 
ft WIS 1 1 <»\%nti\\zWM 1 2 a GELtuJSS-lcJfc^T, & 131 MR 1 3 k&ISSHL^ 

III 1 k <^-;g#14&ffi^lttlcfa±2 #4 Z k b'TS 4. 2 <o ic , I#l 1 2 a ft'l-^H 

■fia.fcO'Sri/ift. &mmi 3 k&iasHtwifi 1 1 fc*)Mtta*fii±-**c k ic flu ^ t . 

j^M 1 2 a 60 1¥ a * * PR J T- ^ < Mt4 : 1 1: J; ^ It IB ft 5 ftfc'< 'J r > ? 

B ift -f 4 % a T 3h -o X i> . ') T > 9 >v B<7> US S* < ff$ fft "t 4 Z k T* § 4 <r> T* . so 

ffic&tfLft:£^Bl-*£ Z k 4. Lfc&*oT, fflc ft tft T *> o T B.oMtt*>BS v*#IBE 

[0 0 8 8 ] 

ft is. 4H0Hbttl6 1 1 *fltflfc"t k &I3I& 1 3 £*f/fti-4 4lfHk£. iivWciUft 

4tt&*>7tsfc tit, ^lasHt^is i i s nnm i 2 afku&m® 1 3 ra«*£8ck: 

WHS 1 1 - 1 2 a /ft U&mm 1 3 «Mt5 Z k **rJ 'fi&k ft 4<0T-. Mtt*>SH> 

[ 0 0 8 9 ] 

&JSgHt;M 1 i*«»$-*4&iBk&iaigii 3 ^iist^^a^, evmcisi- 

H 8 <o 7C ffc k LT. 4««tft!ftli 1 1 . 1 2 a /fttf^liill 1 3 fg^^^lcT 

IB 1 2 a .Aft V&IS IS 1 ^MtKtnH. 
[ 0 0 9 0 ] 

«T. ^ ^ Hf| 50 % 2 60-^|j£)fJlB|c#6^^#^S&^^^i*^a^^.Ti^aicov^T. 
04, 121 5 /ft V 0 6 ( a ) ~ ( c ) 5#IL4'^blia|t4. ft . I'2 iO^Jfetf$fllT- It 
. « 1 <^*tfi0/ttii:«iii-t4aR^liiai«"P*>4^>T» f ^l&Bfltt^ •} .ig$ fto Z t IC LT 

, WTT-ti. w; \ <r>%MiKmtmz z \zmn-t z~ 

[0 0 9 1 3 

Efl 4 tt . *-»BB^»' 2 <w^Jfi^J(Blc^*^^#ISiI<o«jt%/T<t-B8KlllfHEIT*>4. 
[ 0 0 9 2 ] 

0 4 tc -t J; 9 \z. mU I 0 c <r>MLffi\z\t. W, 2 <r> 'J T > ? * m A 2 6*^^ $ tlT 
4 . S2w^';7>?'HgA2tt, DD n5 1 0 c IC v(Y 7 <k "7 IC , 4EK K iK IS 5 . 95 

. St^lSKftWIft 1 1 <w KCfl5riE3 nfcB^IB 1 2 b . 1 2 b so klcMS n 

fc^Sl 1 3 k * 0 ft*. 1 2 b ti . &IBSHt#5K 1 1 t4II 1 3 kcoti&ffi.fi 

f*ic^rtts ttTfc 9 . ^ia»ft*jig i i ^y4ign i 3 ^wK^ftjft^Bff+imiiifljt** 

t^S^iTI)4. 2<bic. a»JB 1 2 b ttSR^/S^ li«k •) ft*. 



[ 0 0 9 3 ] 

H5ti, mjlm. &mmi 3 *ffii&?z,&mfrJi =r-+>u (Ru) T'&ztmz, &m 

SHtWH 1 1 ft'Kft* t--^ ^ ( R u 0 2 ) T'*»4«£ric fctt * . »2W'JT> 9 aR 
A 2 ^JRBTjfiliaJK^filK^fttf *^ LTv*6. if-^z, (Ru) £9 ft <5 4HfI 1 3 
tmit'i ^-^ u (RuOj ) J: 0 * Z&mWcltWm 1 1 kcoP^ic 3 n<r>^J-m* 9 ft£ 
2 b 6*JfeflK3 iitu^. 3 913 1 2 b li, * t - ^ u ( R u ) J: 9 ft £4HHg 1 
3 oMk Kit* x-^z* (Ru O2 ) £9 ft 4 4 IK R* ft ft H 1 1 <r> ffl/£ k <r> 4" ffl ft 4 U 
iS4t LTv»4. I" ft k>*> . 39J® 1 2b*^;if^^^ (Ru) ^Sffitt. 411 1 3 
<r> >i =r - ^ u (Ru) <so » K k & H «Hfcft H 1 l^wif-O/, (Ru) <so iS S k + ffl 
09 ft Uf£ k 4- o T te 9 . * fc, 3 918 1 2 b 4><^lftSfe ( 0 ) commit. 411 1 3 4><7)®r 

% ( o ) <r>m& ( c ^js^-ij , t5 « -if a ) i: ^mmitwrn 1 1 t^nsfe ( o ) <r>mm t cn 

4>fflH& «c»tt t^otui. 5 tb Ic, 39H 1 2b+^^fOz* (Ru) <n«£tt % * 
=r-^ u (Ru) J;9ft£4IIII13^<c>iKtn, ; f-'7<u (RuOj ) J: 9 4 6 4H$Ht: 
^JH 1 1 Icfajtp o T . 1 JEf-Jl r k t S K CI5 ic iH: < ft o T u 3 91V 1 2 b 4 

<Og£ij| (0) iiz^ (Ru) H ft -6 413)1 1 3 fr^mit'l =r-^> U (R 

uO] ) J: 9 ft -5 ^mmitWrn 1 llcftfr>oT. 1 /STJSr k tc&R£(f3lc^< ftoT^-S 
. Tftb*>> 1 2 b c7) JfM ^ ti . ttKfi&ICfcrtSLTl**. 

[ 0 0 9 4 ] 

W±<wj:iic, *3ftHH«?>» 2 <o35«IJK!»lc^* t-iP#SSKlc«k * , 4 lil HK1 3 k 4 IS 
KitWIS 1 lk*>ffi£®lctiu 4HIK 1 3 (^fflflR k 4H^ft^^ 1 1 k co is arfi n 

W ft&flfcfc'fr-f 4 39IS 1 ^bft'Sftti^T, 4f$Hg 1 3k 41^P&ft$/ljg 1 1 k <oJ££ 
iBlc39IB 1 2bib*^eELftuJS^-lclt^T. 4HI$ 1 3 k 4d6Ht:« 1 1 k *>Mtt 
tt«H(©lzi5l±L . -MX-* o T Ji officii *>ffiu>< 'J r > 9 *I8 * JfS «ft * * Z k 6*T-§ 
4. 3 'blc. M9J1 1 2 b ir* $ & so JSi ^ H cfc 0 ft£^T*. 4«H 1 3 k4««HtftH5S 1 1 
k <n|fJlzfF ffi-t&39«6 , *-^JS(i £ ' W * 9 ft -5 ig^ictt^T > Mttfc'S *o tc |Sj _L -5 
^na«<)^bns. 3913 1 -2 b *> Itt & K US ic S! ft LT ^4 c k ic * 9 » 

* (S Wit <o W W T : - 1H # »C * 95 W * c k 4, 

[ 0 0 9 5 ] 

ft is. &l*NHttt(S 1 1 til J* ? * 4 IS k 4I$H£ 1 3 fcfll/fc-f *4«k tiU iLUlcgft 

*tt«(«W7C*i: LTUi^. C 1 3/S#B 1 2 b/4Jll8Ht« 1 1 

/*fe**fi 2<7>«£#lg 6 , 8 3 <n*fett(g 7 XIJS 4 OftttJi 8 ) <^W*JfiC fcuT , 4 

nn 1 3 t&mmit'wm i 1 k *>ag#i4£jHft -? c k ft < , 4n$ftM 1 1 im&mm 

• (3? 2 co*fe&H 6 . S3*>li6tt«7 Xtt»4*>iift<*tt8) k«og#tt*. £$&ttl£($2 
*>Hft«l8 6 . 3 mfeftffiE 7 Xli« i <so«SSfli 8 ) <7)MMic o Tft^it-t* c k 6*n"flE 
kft4» LfciST, ftJ3clATA-3TB.oig#'tt^)ffv^lViei||**-t*ilflltt^>Sv^ 

[ 0 0 9 6 ] 

4H^ft^^%^^1-4 4H k 4> IB H % fll BR -t 44J3 k it , 5vMciBj-a^<7)7C 
ttLT^J;^, C to ii & ti . 4)111 1 3/3 911 1 2 b /4H^ft^H J l<7)Ii^^tc 
. 4IS)1 1 3 kn§9IS 1 2 b k <7> VB9H 1 2 b k £mm<twm 1 1 k m<n& 
J# iB ic 4s (t S # * l?l ± 5 3 k fc'T-S -5. UJST. ftfitnT'etS o T 

[ 0 0 9 7 ] 
[ 0 0 9 8 ] 

if. «l <?> H HE ff$ AB ic *s l+ $ PI 2(a) ^fflv^fz^u^ k [Utile LT> PI 6 ( a ) ic^ 

tJ; 7 ic. 7»a.T* 7v> >fflcotf l 0 alkum&M 1 0 b «k 9 ft £ M 1 0 c 



•& B fiR -f h . 
[ 0 0 9 9 ] 

iXlc . 0 6 ( b ) Ic^T £ 7 lc , Ml 0 e *>EE(cvft 7 £ 7 lc , % 2 *>*6«IR 6 , m 
3 tfOijfc^li 7 &tf&4 co*&*t/g8 <n±.tz&mmitm® 1 UMt5. ::t\ &JSSHt 
mm. 1 1 li, /H?JiJ*R?£ ( A L D : atomic layer deposition) . ft^fU1/£Kv£ ( C 
V D : c em i c a 1 vapor deposition) , X li *&H M ffl fi£ Jvft ( P V D : physical vapor dep 
o s i t ion) ft ir H ft vi lc «k o T^iStntfJ: 
[0100] 

iXlc. 0 6 (c) ic^1-<fc7lc. ^UrtrfL^Hil l<^±lc. JEt H)ftRv£lc «k o T . M 
j^L fr<T>f£J|£tT ft 7 £ t IC J: *) . m®m 1 2 b *0f#-t*. Sv^T, MJf 1 2 
bc7)±lc, ffi^f JB*ft'«Xtt«a«««R*-ffi»c «k *) x 1 3 * « * . c: <7) J; 7 tc 

LT, &)1SHLM 1 1 > 1 2 b JkU&mm 1 3 * 9 ft* W 2 'J t > * jURA 

2 9#ffl 1 2 b a&IRIK 1 3 attift fc£IRttft:tt(R 1 l^ttiKi: 

is & ^ ng ^ftfflBS^wuTo*. 

[0101] 

I2^)^''Jt>?^IA2 ^f^^^lcooT, flijitf. 1 3 

*&»*» * u (Ru) T&S k ftic, &H£Ht2fyjg 1 1 a*** ft* ^-^ u ( R u O 

o) T*£>6 Jf^lc -7^T . W T lc i¥ Hfl ic ift flU -t * . 
[0102] 

i2con'.)7i 9 2 fcftifc-t* . ^rasHtsus i i . mmm 1 2 b&y^w 1 

3 <t> ff3 JdUc U . <o JSC -f IS nfc £ ft (Jounarl ol The Electrochemical Society, 151. G 
:09-G!12(2OO4>) fcfflo*. 3 co J&£-*)jftlS* ff li WT^ifi 9 T- * * . tftfc*>, fWitf 
x ;u t- =. u (Ru) WV-^^XkLT, Ru (EtCp) 2 ( * * ( x * * S/. * a 
>?yiz<0 *f^7A) 8 0 *CIC 7 - X #X£ftllfi&L fcWflg?, 5 0m 
L/min (fgig <?> A r # *T^fK L T ffiW-t* . Sfc. SftfilSli 2 5 0 'CT* 
9 . S 3! S \t 4 . 6 6 X 1 0 2 P a T *> * * K T fr ft 7 . t . f&f! # * k L T IJ . & 
m#^7 OmL/m i n (HlfcttMO lc A r^MO OmL/m i n (^igttflg) £v&£ 
Lfc#*£i$ffl-f *. HT, Ru (EtCp) 2 #**#*&■*"* fc#><7>'<^ *HfltlS:?a? 
-fLl^-it'S.Ciilc^O. ^/i^^-^^jb^r^frC^x^^^ST. ffigf) IS 
oJ"(|6T*4. ^Hftffl t LTtt. lsecd^lOsec % X'<nfflMX'$> * . Ru (E 

t Cp) 2^^* ,N '^ fcT)^. -£^ra<o^.'c->'%ffofe<7>*». ?&fSl7yx£f* 

IB <?> IS fiK * C t *. C - it <o -t -f ? * % 1 ■* -f 9 'i fc-t*. ft*?> 

n,-?-.^^*^:**-* *#££«» (ft*^r^^tft<fttttf ft i?ft v-»o 
[0 1 0 3] 

Mx.lt. $ 2 <o feftlK 6.83 OJjfe^jjM 7 & 4 <7>l6JtSJK 8 <n ±lc . Ru (EtCp 
) 2 *>'«* *Bf 2 s e c fc LT. feffimitWim 1 1 Tft*»ft* t~7 (R u 0 2 ) 
lli 5 nmttttLfcft, Kft * x - ^ A i: * t - *? u t <r> 4" ^fflfiK^^-t * 9 M 1 2 
b % . Ru (EtCp) ^'i'U||S3sec, 5 s e c . R U 1 s e c t SPI W lc 
^ft^ 1 i±T. 3 ffilT li^^BR-r*. iXlc. 411 1 3 T-£>* ^f^i, (R u ) l^Ru 
(E t C p ) 2 (W^* *&fWl'£ 10secttKti;J:oT5n mttflH"t *. 3 <7) J: i 
lc L T0bX S tlfcW 2 'J T > 5';HgA2<o|g/f^r|Sl«o/H^aSS<^^<ntt» fiuili L fcH 
5 IC ^ L ^.il 9 T -5 . 9 1 2 b <7> ffi )^<^ 10 OP It . ^^7.l^l51**:ft$**CklCJ: 
o TSSlcff ft 7 C k ** ft*f , 9*18 1 2bwffliiJ, f§^# t L T . »ft* t- 

^ r !7^^i:'^^-'7^i:^c|3^ B ^^^a^^WLTv^nl^ < fc<. ^n^ft^mi 1 testis o« 

IC^^fiv^^co/I^m^. Ru (EtCp) 2 ^'<^*Bfffl"&2secfcLTB££i-*l 
If J: i •> » 

[0104] 

iXtc . mffi 1 0 c **ily>.TA$n* * 7 lc , Ha|<^>o § lc J: 1 , nngU 1 0 c co 



mm 1 3 <?> ±.izmm*rfi&i tz'&\z . mm. ^11 1 3 . m&m 12b. jku&mwtitvi 

II 1 1 iz 1+ 6 W 3 1 0 c<r)ftW>lV]\-<r>W>'nT'2h^T% A n'itmm 8 ^±lcJF^2 tiTv> 
-5 C MP lc <}: o TPfcSt S C lc «fc »K ^2 commm 1 ^^fco-gKT&S^ 

v~Z'%z>. 4*?. Mmmitm 5 cof&m*>>o c m p a x-^ijg^^ o ii-t c t T^mea* 

[0 l 0 5] 

n i 3 ^nintM i i ^mis-sic &mm 1 3 t &m®<twm 1 1 ^^^t 
coia is*r$m%m&*^-t zmi&coiR? m ^^si^ii 2 b £ § i tc 0 -t s c i: a* 

6 z tb'T-z ?%b*>. &mmi 3 ^h^mai i i t^msmiz, &mmi 3 <n 

411 1 3 h4H$Ht:« 1 1 t^m£ffilcil#;f 1 2 b h'Wfe LTi^vlu 

icit^r, ^nigu 3 1 ^n^ft^n i i t<nmm'\i%mm$iizft±.£ it & z t § £ 
z h \z. mwm i 2 b t) i m®^i&-f-m * •> 4 s <o t . 4«in 1 3 1 ^isiiHL'M 1 1 ^ 

mcfriSiT.SMJl Jf J; •) 4" -5 if £ IC tt ^ T , *b lc [S] ± 2 If 6 C 

t ^T-S S 4: v% 7 Mfc^-otlS, jg^lS 1 2 b ^M^Mfllcgftc? 

[0 1 0 6] 

4^ .4 is «t m *5 is i i jfeiais i 3 % «i is -r * jfe is t a^izm* 

TJf t -5 J£ a tt . 0J£tt#IR*fl : XttJ«tt#**Xffc3**ett' , £» Jttt © lc & IS & it 
1 1 . ^#1^1 2bAV^iaHl 3*r^t5Ct/)^§4. 
[0107] 

&HSHt*0)Sl 1 £M t 1 3 * ffiri*-* £ 413 t * * iz>lc|aj- 

mm<^7imt lt , &ja»Ht*wig i i, asii 2 b fttf4nn 1 3 *mj-i%fc&&\zT 

H 1 2 b ^y^IBflM 1 3 fcflSrft-t * Zkft'TSi. 
[0 1 OS] 
( 3 £ RlflS .18 ) 

13 7 . 13 8 & VEI 9 ( a ) ~ ( c ) * #SR L «r 6* <b »HH "* S . 4 *? . 3 <w *«EJKJ»T tt 
[0 1 0 9] 

m 7 tt . *%BH(50^ 3 ^^MJ^SBlc^i^ir^lSKwfflaS^^-tSKBfBaEI?**. 

[01 10] 

13 7 iCTn-t <k 7 »c . (WIW 1 0 c co^ffllc tt, ft'2*)'<V7>nRA3 **0bRS tiTu 
* . :CT. 'f,2^"'J7> ?4iA3U> ["1 95 1 0 c IC vft 7 ck 7 IC . ffiSC K±li 5 . m 

2<nmmmb. mz0>to&wt7 jkvmi <nm®WL&<r>t\zMfc$ nrzM^m 1 2 c t . ^ 

S^IS 1 2 c *>±£ JfeuKS ttfcr&IKJg 1 3 =k 0 4-5» S^l^ 1 2 c tt , «6ltSlgl (»' 2 
«S!»IS6. « 3 <7)$6^^ 7 Xtt^f '1 <?>lfe^^ 8 ) fc-feHfll 1 3 fc^tl frfflffiffilCff^S tl 

Tfco. ^ ia ft *u & v ife ia K 1 3*>*Ji-?ft*>ttifi<^B»+raffli8**"*4fi#w?* 

So $ "olC B^H 1 2 c tt^-comTJS* 145, 
[01 1 1 ] 

13 8 tt . Mz.it, &.mmi 3*mi&t2>&mt)*>i>T L -^^ (Ru) fc^ic 

BEftJft^BSfft^ ^ A ( R u O 9 ) T & 3 if £ IC It £ , ^ 2 <r> >) T > 9 >l flX A 3 <?) 



li ( £ 2 <?> *£l *i H 6 . »3«lft«I7XttS4<o**R8) k ^ ffi tc |i-c7) Sfl =fc *) % 
hMWrn 1 2 c **JF3flK3 tiTi'^. jf#Ji 1 2 cli, if^^z, (Ru) J: •) 

I S^&iakSHt:^-^ (Ru0 2 ) *0 &£^II8lfLtJ^*&/£k^4'P^&*fi'ft£ 
t LT^S. -ttati-h, m®m 1 2 c4>^^^-^^ (Ru) c^gli . 411 1 3 *cn 

Jl :f-*?U ( R U ) <T)-m% t , Bfft'l, ^-^ ^ (RuO) ) «}: ») 4 S4sWmtft!ft*«) * t 

( R u ) ^ ii Jx k <^ 4 1 fa £ 1* /x k # T *) . kfc, 8^JI 1 2 c ^<o$jil (0 
) cofflStt. &IHfH 1 3 <f ®j ill (0) <7>jRK ( z so if £• li , lilsVa) k, ®{t>i =r - 
•7 u ( R u 0 i ) <k *) 4 2>&mWc1t®*<7>&m (0) <n^f&£<r>*ffl®%mf%£% oTu 

[01 12] 

zti\z <k 0 , 3? 2 <affl£tt 1 4 £ff*j£L£&lc, S «b £ ±IBE»*ffi*i£-* 4 1 
SlclJUT, fcif 4 0 O'CHU^^^i^n^^n-Sfr 1 . *J»«UH= * o Ta^IB 1 2 c 6* 
M"f4 C k ti£u. LtiST, fl«Hfc*)ffiu t-l$#8II*XJ&?§ * . 
[01 13] 

MUm 1 2 c lg/*6*#i*JS£lc tt<fc-f L tipit'tt** 3 4 < Tfc .fcoa*. ip 
[01 14] 

) . y * =1 =. «7 a, (Zr) . >^-7 u (Hf) . 7 > 7 ;u (Ta) . - * ^ ^ 2~ (Nb 
) . 7>rxr> ( VV ) . + >' +j U ( V ) s t')^f> (Mo) . *ts^ (Ru) 
, tX'-O^ (Os) , Dy^ (Rh) . -M -7 ( I r) . '<7y^/, (Pd) 
. X U 7' 7 f- + (P t) £ HI u 4 k £ o . 
[01 15] 

2 iz (tf H < B. / < >"7 ( V ) . t 'J (Mo) . 'tf-O/, (Ru) - * 

* z - ^ ^ ( 0 s ) . a O z, ( R h ) . -4 ') V ^ U (I r ) . => V *7 U (Pd) . X 
|J^7f + (P t ) *t*fflv*4kJ:v*. C*>J:7lC-f4k. »ft$ JlT tlWttii^S 
< fcfcn&u (ttjft}7ifr*'J^ ^) fc*>. ftS$;#i*>W 2 'J T ;» 7 *JRA 3 ZBlfttZ Z 
k f § -5 . 
[0116] 

II ( 2 <0*<»&H 6 , »3«?>'46«IR7Xtt»4^iMi«'H8) k <n IS £ ifti lc tiU 1 3 

1 3 k *fe« (»' 2<r>m%m 6> 13 <7>46«Sfll 7 Xttl 4 *>*fettffi! 8 ) k 
^ffllcS^/S 1 2 C &*f?ff L fcoJB^lCfct^T , ^Hfli 1 3 k m%m. (» 2 <^*fe«SflSI 6 . 

»'3 «w46««l7 Xtt*4^H6»l«8 ) k coig^tt UfR^ Ic |SJ ±i" & . ^•bic.jg^lSl 

7 xam 4 ^ftiis ) <^ s& % 14 &* is] ± 1- ^ c k ic^d^t . nwm 1 2 c <7)]¥^%ffiPi^ 

> 7*Jg|<!OlKI¥ , feSP<if$flR-t4wkT§*<wT. SD»<?)i&lftJjift*^Bl"t 4 C k 6*T-§ 4 
[01 17] 

ft*?. S^IS 1 2 c ^>ftBR*j*S-r«S0E4fel!l*ftift*«B5t-t*^W tilll 3 fctt 
oKti^lta, ?.vMcS4*fittl^)7C*k LTU^. 3 (50 5% li . ^1818 1 3/fi» 
15 1 2c/IW (^2<^!fe-ft^6, » 3 <w|fti»K 7 Xttft 1 w|6«J8 8 ) <^ IB *fS flK ic 
v^T - ^13^ 1 3 tH^JB 1 2 c k <r> ft « 14. % m <r 7 C k < , H^JS 1 2 c k&ftd ( 
»2«?)*6*IR6, mZ<7>*t®iWk7 Xtt»1 ^^JitfllS) kco-S-t14%. !6ltilR (9?2<7)*6 



*iH6. % 3 f>*&!i£IK 7 £>*ott» 4 <o46<CIH 8 ) *>ftailc J: o Tftilft:-* * C i: **rT A6 
[01 18] 

££. S$J9 1 2 c <&tflrt*ftJS**ll&j££«Kft«*#^**£«i:£l||ll 1 3 fcffi 
/ft-tS&Uktt. 5vMcBl-tt3R^>7C*i: LTU^. c<oif£tt. ^HH 1 3 /Ml 
1 2 c <r>mffli&\z JsWT . 3fcg'#JSl 2 c £: <o ffl <r> |# ft ffi lc 1+ -5 * ft * [S] 

I^^CH^-^S. Ltfr'oT, (&C:fiiT*>oTB.offi#1t^>Wv^liK»*^ri'* 

[01 19] 

ftlc. *JtW<n%3<v%m}m\z&zy&ftmm<r>m&1i t £*:. mSJkvmv (a) ~ 
(c) *#SHL***«b«flB-t*. 4* is, Sftftlctt. 13 7 lc^Lfc*«UH*>»3 *>3?*fcfl3 

[0120] 

121 9 ( a ) ~ ( c ) tt. *HW<7>%3<r>%mm\z&Z ?• # # H S SJl it :T3c * ^ "f £ 

g» i & isr re 0 t- & 4 . 

[0121] 

it, » 1 35 St M lc If 4 0 2 (a) % ffl v> taftBR t laJ +f \z L T . 139 (a) iztjk 
•f & i lc . t» a. t * f v > > ftj <r> \£ r * - >i 1 0 a A VAC** jH 1 0 b J: *) 4 -5 Dfl SB 1 0 c 

[0122] 

fttc . (3 9 ( b ) Ic^i" =k 7 lc . DflSB 1 0 c tf> BBS left 7 «k 7 lc. & 2 <n*£«lg 6 . 8 

3 <7>*fe«lg 4 ^>*fcM 8 <?>±lc . Jg ^ ft i£ £ v* lc «k o T . 1 * A * ^ #«o/&£* 

tt =5: 7 C i: lc J; *) , jg #1 1 2 ctf^tJ. 
[0123] 

0Uc. 13 9 (c) ic^tct 7 lc, fiftft 1 2 c <7>±lc. J£^Ji«££ftXtt^Iimfl|i&M 

•Sic «k 0 . 3 5f^t^. Z<n& 7 lc LT, «fg 1 2 c&W^WI 1 3 £ •) 4 
5l2^'('JTi? 4IA 3 Z :T> JS#IS 1 2 C tt. £ISHg 1 3 <oM 

[0 1 2 4] 

$ 2 'J t > 7 3 <nf^^f icoot, Witt. ^HJIM 1 3 ~&ffl>r&-t 
h t-^ u ( R u ) T-*5 i: «lc . MWfe 1 2 c ^faSHt^** 

SHt^-^ (RuOj) T- £ 3 ft IC o v> T . WTC#IHlC»lfl-f *. 
[0125] 

2 'JTM *JKA 3 Si«t«, ffi^JS 1 2 c &VrfeHI$ 1 3 <otf2/&lctt. ft*n 
<^ IF. -? H ^ £ a (Jounarl ol The Electrochemical Society, 151, C 1 0 9 - G 1 1 2 ( 2 0 0 4) ) * 
fflu*. C<7>i§£<7)fi£JI&ftttWT^ia 0 T'£>-5„ tS*J^, Witt. * t - ^ U (Ru 
) wv-^^r^tLT. Ru (EtCp) 2 ( ^ * (x^/u^o-OF^x^/u) * -r 

tf^fflu. 8 0 "C \z V - X if^^m L tttflBT . 50mL/mi n 
1) coA r ^^T-fi5fRLTffflt4, £ fc . Sflx&lgtt 2 5 0 TCTft •) . S^/Stt 4 . 6 
6X1 0 2 TI»4*frTTffi^. I*£#*fc LTtt. St£#*7 OmL/m i n 

(*S*«J|g) l:A r ^Xl 0 OmL/m i n (IRiSKflB) $16Lt^x$(f fflt§„ ^ 
LT . R u (EtCp) 2 ttlh*>><A, *mm*£.it2 ItZ Z k\Z & *) . & 

irLTtt. 1 sefJ'iolOseci^BWfti, Ru (EtCp) ^^^^'U 

tt^L. f^tt. -£nf ra<so v o feco *, , mm l . K*35r^^tt*&* 

f?ir-.L£&. -Ji^rRI^^-i'ftftftv^ R u k O 6» «o 5r 6 * JS T IB IK £ flR £ ? S c t 

Alctt. ^^^^tfom^tttT4 fcfcv*. 
[0126] 



fUtf. ^ 2 <7)!feiff d 6 . %Z<nfo&m7 RU%4 <n&mms<n±.\z. & it >i * =. *■? 
fc )i f - ^i, t^ + ^^I^tttilf IS 1 2 c R u (EtCp) 2 ' < * * »f 1*1 

R u ) H£R u ( E t C p ) 2 ffl* 10sectt5Ctl:J:oT5 nmttfS 

t6. Z^)J:ii;LT)f^L/:I2^^' l )T> 9 ji m A 3 <r> m®1? fcTMfZ^ ft ft It 

. nu^^HS Lfcii 0 1 2 c <d ffl W It , ^^W*l£fl:3 -tt 

* c ?S 3 ic fir ft -5 3 6»? * * . 
[0127] 

iXlc. DflfiB 1 0 c 6* ft 4 «k 7 ic. fflabo g fc ± 9 , M 1 0 c *>rt8B*£-fc& 

isn i 3 <n ±.\zmm*ti}f&L izvt\z . mm. &mm 1 3 jkv&&m 1 2 c icfci+ioaw 1 

0 c i*j S5 W ft gs # T & o T S 4 «o*feSlg 8 *>±£ff*flR3 ftT CMP lei o 
TPfc£-t 4 Z fc tc J: 9. ^ 2 ^ ffl £ Ml 1 4 SVf ^Sff^tS. Z 
coj;?lzLT, El 7 £ ^^is £ 1ft 4 f 4P#£m£ fl^l" 4 C 4. 4lf, jKSSC 
WiLIR 5 *>j£JRi>ib C MP $T<^Ijg*» Oil-tC fc T^IBK«%^*-t 4 C fcjb*T§4 

[0 1 2 8] 

*1tW<r>% 3 *>35«KJBflBk:fc* T- #.S5 K <?> « iB i£ £ «fc 4 fc , &«HS 

1 3 fcfeftllSE (» 2^**IR6 . ■I3^ill7 Xtt$4 <?)*fe«JB8) wfg Affile, 

IS 1 3 <7)fM/£ fc &mf&it%!)<n1&!ft tcoiz ft ft Itt j$ * 1r * * #-JS(-f W «fc •) ft 43Sf£ 
11 2c^§|i:)WtSCt^T-^. Sfc. iitiiEL/im 3 9? 5£ M £ fl: 4 T-iP#S5 

Kft^-tswi^fcinitt^iW**^* - *. -tftft*), &his 1 3 timm <sr 2 

<?>*feSIS6, »3 *><6*IR 7 XttW4 *>j6»R 8 ) fc^^aHtc. 1 3 fc & 

W«ft!»^«l*fc <n s |f| IS ft jttrit 1 2ctWLTu^T\ 

1 3 fc<fe»JS (S2^iffe«IR6 . S3*>*fefc|R7XttS4*>*fe*lil8) fc^m^tfilcM 

i$ i 2 c vftu l ft v^^-icit^T , &mm i 3 fci^KiK ess 2<r>mmmn . m 3 

ii 2c 6* m - js -f is * *> ft 4 cot. ^na 1 3 fc^n (^2 <o^n e . 3? 3 am 
mm 7XUI4 afeftiR 8 ) wffi^tt i*ra±-r 4 z fc m#mi 2 c coj* 

m £ X'W < -t 4 Z fc £ J: n s ttHftS ftfc'< 'JT>? 'HtWt4*Df*o tti. >< 
'J?M <r> m W * * < IR*t5 C fcTS 4<0T> BE *& i& ft tJt ft * £ Bt -t 4 Z fc *'T 
§4o Lfc6*oT, fflcJftST-fco TfLoi&#tt<7>W^£ISR*** , fr? 4 ft fK'14 <?> B5 u ¥ # 
ffi % M * 4 C fc S 4 . 
[0129] 

ftfc. & is unt % * «j f z&m fc &mis i 3 * « $ 4 & is fc iLoiz^ft4ii^ 

JfilK^ttXtt^fl-Xr^^Xfta ti:4/Sl+Ts a«rcflfo£iS$Jg 1 2 c fttf&HIS 1 3 fcJ&Jfc 
ts:t &*? § 4 . 
[0130] 

^iaKft«*«*«-r 4^n fc^nfli i 3*mfiRi-4^iafc*x s^cim-aw^ 

K^fr^Xft^ -ttSCJ+T. .Tl^cKllCiS^li 1 2 c &tf£HJi 1 3 *Jf2flK"t4 C fc 

4 * 

[0131] 

( W 4 ^^Sd^-W) 

HI 0. HI 1&VH1 2 (a) ~ (c) *#JK L ft 6* «b 3& ufl 4 . ftfc> ^ 4 <n*Mift 
mxxt. m 3 <7)^«&^Sgfc «ii"f 4^^ttll]tiT-*>4^T', f <^ 12 $ 0 i£ 3 ft ^ C fc 
icLT, WTTtt. 9?3<!Ollfi£il5SgfcSft4^i%*'^k:3ftifl-r4. 
[0 1 3 2] 

1211 0!i. *^Hfltf0^4 «w||«B^JIBlc^4*V#ISH<ofllJS*7P"t5«»flii[3T*>4. 



[0 1 3 3] 

0 1 0 \z^t i 7 lc, DO g|i 1 0 c ^BSHc it , g2^'«'JT>n|(A4 tlT 
o*. ::T\ S2«'<'Jt>?*IRA4I1. DflS5 1 0 c lc-»7 J: 7 t, IKKil5, 
£ 2 aft SIR 6 . £ 3 <7>46ttfS 7 SV» 4 attftK 8 co ± ic Jf2fi£ 5 ft tzMftM I 2 at. 

mm^rn 1 2 dnnzftmz nrz&mm 1 3 k 9 ft&. ji#n 1 2 ait. itmm (S2 

^*fc«IS6. £3 <n*£i»R 7 XliS4<*>*6*!B8) t &jbj£ i 3 ± <t>$ i£f$lc JfcflR 2 

ftTto 1 ?. &is»fL<foft v&ibik 1 3<w^n-fii<?>iBirit^aiar+WttflK*lr"t*fi*JBT 

<£>•£>, 3 >blc, jg&JB 1 2 dttSR^iHT JB * 0 ft*. 
[0134] 

HI 1 1 II, ffli. 0\ 411 1 3 fcfllffc-f *&JB*** ^-^ (Ru) T*>« tn\z. m 

nm 1 2 d<«ttift*i*£"*4iioeA«»fb«ft&*i*fl:n' t-^ ^ ( r u o 2 ) T-^^Jt^tc 

tot+-6, 1 2 'J t > 9 it IA 4 <r>Mf% H$\<r>&=?-Bni<r)9tift'%7rs LT u £. n,T^*7 
^ (Ru) i 0 %h&mm 1 3 kfeftlg (»2«o*6«K6 , S3<?>«fe*)R7 Xtt»4^)«fe 
8 ) k affile 3 7^SfH «k 0 iifi^lB 1 2 d frMrit $ tiX o -5 . MM 1 2 d li 
v nfi^i (Ru) «k •) ft &£JSJK 1 3 cofflffc k ft ft* t 1 -^ ^ ( R u 0 2 ) <k 9 4 * 

^iRKftw^ttflRfc^ + rawftaiK^iruTv^*. -tftfr*., m®m r 2 d^^^-r-^ 

(Ru) *>««tt. 1 S^^f-^.(Ru) s gk, mt>i*r-n* (R 

u 0 9 ) ^H^ft^ r h<^ * ^ (Ru) <^ilg k c^rKI (ft ftflglg k ft o T to 

9 . a . s^ig 1 2 d "t>^ft^ ( 0 ) , 1 3 ^<?>mm ( 0 ) <r>nns. ( c 
<7>Ji^ji. a»-t?n) k , it ft* rzoi, (r u o 2 ) «k ^^mmit^^cnmm co 

) tf> 8g£ k corKnl ft iggt ftoTu*. 3 «b ic, 1 2 d lc telt 4 * t - ^ ( R 

u) co®SU. ^-r^z* (Ru) * 0 ft£&Hli 1 3 tp<bfeftfg ( » 2 <n feftK 6 , W 

3 <?>«ii»l8 7 Xtt^4 ^*ft«)8 8 ) icisj^oT, 1 JS-f« r k ic gift ft ic '> * < ft o T o 

■s-^t, s^n i 2 die fcit zmm (o *>bjkb:» * - ^ ^ (Ru) * *> ft£&ia 

il 3 ^ «o ( 3? 2 IS 6, S3 <n&mm 7*4^11*4 8 ) Ic ft ^ o 

T, 1 JK-f IS icftPBHSlc £ < ft o To 4. -tftfc*>, jg$JB 1 2 d<7>.#i)ftti, 
lc£fbLTo£, 
[0135] 

is (m 2 is 6 , $ 3 <r>m$m i xa«4 ^*fen*ig 8 ) t com^ifiiicu, ^nis 1 3 

«^^fl^ h 4IS^ft^coM/3X t <7)aiar4'ffll!l5'5rfflflK* 5 fl"-t-5B#ni 1 2 d frft l£-fZ<r>~Z'. 
gflll 2 d a«?T& L ftv^^lclt^T, ^ lit IS 1 3 tf&UM (» 2 <o#fe&lg 6 , S 3 <^ 
ilfeiKBM 7 Xli* 4 afettH 8 ) i:^-^*'l4lifR^lif5'lc|S]±L, o T fLoig#1t^ 

Slvw< 'j r > 7 * Jg^jfJ^f * c t frX-B 4. ^ <b ic , jfi^U 1 2 d 6*«»<wJS(-f li «k •) 
ft4«7. 3&46HSIS (»"2<?)|fe«|«6, W 3 <oKfe««S 7 X lift 4 H 8 ) 

co Wi <r> M M I 6* # - <o JK IB ck •) ft 4 i££lc tt^T , 6*5 ^lc|S]±-T4i:v^7Slj 

S/i'Riofti. sre, iS^H 1 2 d<wfiflR**aPSI!l5lcEftLTv^*c k lc«k 0 . ig^tttt 
g -b !CfS]±-t 4 » Lfci^T, (Kft|uTftr>Taoi»#tt(?>lBu^lBEl»*^"t4^«tt 

[0136] 

ft to. £#IS 1 2 d«i0i|flflR*i*E-t4fi(|E^a*ft«*«*-t*^IBi:AIB« 1 3*« 
f&Ti&mt lis So ICR ft 4ll^<?)7C^ k LT«t«kv». ccoj^^ii, ^HflMl Z/W 
m 1 2 d/Jife»fli (m 2 <7)^fe,!f l)| 6 . »3^>lfiJlllK7 Xli3H «iliI8) colS^^icto 
v^T , ^1311 1 3 k^^IS 1 2 d k*>f£*tt*iRft 7 3 k ft < , nS^IB 1 2 d kttttflK ( 

m 6 , m 3 cotfe^^ 7 xa sr ^ <wi6«iyi8) ^ji^ic * oTftjgft-r* c t *M^k ft h 

I^lfitS C k jb*T'S -So 
[ 0 l 3 7 ] 

99IB 1 2 d<nmf&*&&?hm&&mmityj-&Wf&? k & 1 3 *tt 



1 2 d <7)H$fi)Uc tout , 411 1 3 2: 3 ft IB 1 2 d k W<»*6 n £B#tt*l?l± 

[0 1 3 8] 

2 ( a ) -(c) £ # JB L 4' ** >b iiBfl -f £ . 4 > S # l!& ic tt . 01 0lc*Lfc*J6ll)^ 
[0 1 3 9] 

012 (a)^(c)tt. *f£fl^)!ff 4 wmt^flBt^S^lJft^Ji^WliS^^*^^ 
f?SRie»fiiiBIT«»*. 
[0140] 

^1 wXHtiKffllctelt* H 2 ( a ) fcfflufcKHfl k ls]*f Ic LT , 01 2 ( a ) Ic 
^-t J: "9 Ic , fiT4y7^>ffltf)^7*-* 1 0 a Tk VKtt* 1 Ob iDSriOflSl 0 

[0141] 

iX ic , 0 12 ( b ) ic Tfs f X i Ic , W 3 1 0 c <r> B M Ic ft 7 «k 7 Ic , $ 2 mfettJR 6 * 
£ 3 afeftflgj 7S^14 eofcfclg 8 <o±lc , JI ^ H /ft 41 >£ ic «k •) , ^<7)f^4l 
*tf * 7 C k \z X *) . 1 2 Jf^-f £ . 

[0142] 

<xic, 012 ( c ) ic^t* 7 jg&rg i 2 d*>±ic. fi^^^xtt^iim'Hi^ 

ftStiO. 4ill 3 -ZMti-th, C^J: 7 ic LT , 1^11 2 d&y^Ml 3 «k "9 

* £ ST 2 <o > v* -J T > 7 >i II A 4 is* ff*/£ $ ft -5 , M ft® 1 2 dli^fSHg 1 3 <?) &i /ft 

[014 3 ] 

;:T\ ^2^^''iT> ?^|A4^f^^aiC7Ut > flJi. ti\ 1 3 £$fft1" 

*^«6*'I,t-^^ (R u) ?*>5 fc^lc. 1 2 d <^ IS «Ht4& ** 

ft it* "f-OU ( R u 0 2 ) ?ft5J8alC7V^T, Jil h' IC 3¥ «l K & BH 4 » 
[0144] 

?i? 2 <n*< ') T * 9 /UgA 4 Sirtttfi. jg#IS 1 2 d&t/&HIH 1 3 w^riSttt, ft*n 
<7> -? fl /ft 4v£ (Jounarl ol The Electrochemical Society. 151.. GI08-GI 1 2 ( 2 0 0 4 ) ) * 
JH^&, Z^JSa^^ffil^frttW h<^ifi 9 T&-5. -tttb*,. ffl z. It . >v t - U (Ru 
) mv-^^^tLT, Ru (E tCp) 2 ( ^ ^ ( x ^>?°' < >?>'* x -"') * ^ 
u) #*£r*|v. 8 0 'Clc V - T./r^^/milL/i^flBTx 5 0mL/min (^i$fi 
JB) *>A r ?5rx?JfS!RLTflEffl-*-<&. * fc» SiiSS 12 2 5 0 *C T & ») . S 2 It IJ 4 . 6 
6X1 0 2 T & & ft T T fr 4 7 . * fc . i&H ii * k L T IJ , l*#^7 OmL/mi n 
(IRiSKJIB) IC A r >y ^ 1 0 0 m L/m i n (m&W&) ~& 'Ip LTllfflt l>. f LT, 
Ru (E tCp) j # * * # *° * fz *> 60 ' * * ^ " * * ft: 5 * * c b lc * 15 * & El * T- 

iJ . 1 sect^l0seci?»IlTJ>6. Ru (EtCp) 9 ^ x * J ^ * ^ ^ L 
- — "f d, 1 ] to / x — $ f ) -5 *> . »*xr^*ttK6L, ^^^^^fft^^f^iLL 

fc^. -/Hi^ilco^-- v£ff 5rv^. R u k O 6> ^ 4 -6 & IB J- m<?)B Z Z t 6»TS 

, iem ?y x <?> #t ^ tt ^ ft o . 

[0145] 

flitt. ft" 2«wjftl8li6 . »3 w<ft*JII7 JStVt»4 «?)*fil»«!8«w±lc. &lt>VT--^u 
t'l^r-^U k<w4iRflcoijifli5K**-tS3S^JS 12d?, Ru (EtCp) 2 ^»'* ^ «t Pel 

* 3 s e c . 5 s e c . & V 7 s e c fc SPtlfi ic « ft $ ■& & C k 1= «fc *> . 3 m^F J5 ft 
t&. iXlC ^HS 1 3Tf)4if^7A (Ru) ISRu (EtCp) 2 <7)y<yU 

* 1 0 s e c k t h Z k (C J: o T 5 n nitttf* -f h . C ^ J: 7 IC L T W>fc 5 tl fctff 2 <r> >* V 



r >9 >i fiA 4 <n « J5 7j fa <n JB 7 * f£ M li . SO SB Ell lie L fcffl 9 T-£> 4 . M 
/ll 2 d <t> fflflRtf) ftij HP 14 . '< >i A If m~& K it £ * 4 C k IC J: o T § lie tf ft 7 Z k 6«T § 
6. ft*?. 2 dc^fl/fttt. l^#tLT, iftif-9Z,i:^T-i7i,^*Si 

<na**lTLTu*ni* < . ^USHt^il 1 1 icftt jfiv^ffl&a^JJi^JBMfcoT 14. Heft 

R u ( E t C p ) 2 ^if IHI*2 s e c k LTiftfitftttJ:^. 

[0146] 

iXk: . M 1 0 c &*i!tf>jA i ft 4 i 7 ic . Ha]#> -> § ic J: ») . MSG 1 0 c 1*9 & * £• t? & 
HUM 1 3 ^JiicJfllRfcffSflRLfcftlc, ffliR. 1 3 fttfjiftll 1 2 d ic to it 4 W 3 1 

0 c fiOrtg&Wtt c^gli^T'^o T m 4 f>*&*tH 8 *>±lcfl3#3 CMPtio 
TPft£ i" 4 Z t ic =fc 9 . £2 ^fflHBtS 1 4 SVf w-3T*>5 tr t 7' 7 7*Bl&-t&. Z 
<7> cfc 7 ic LT , 0 10 lc^-t«ig* : t + *^i?#SIH*JK*-t* Z k i'TS -5, ft if. £ 

rwjLis 5 ooisi*>bCMP o jg-t z t TfrasitffMt^>: k 

[0147] 

1 3 . kffettdg (» 2<?)«i*IS6 . $3*>jft«K 7 XIJS4 *>Hfc«IR8) k^JS^Hilc,^ 

Hi 1 3 c^ffi^k^lSieft^^ffl^t^t3l3rrtip B ^ft|fl^$^1-^1€^^m : fIlc): 9 ft4 

fiftB 1 2 d^&^lcM-f -5 z k 6*T'S 4. HtiiE L £3? 4 <r>%MMm\z&Z> Tip 

#^a***-t t raw^a**** z t 4. -t%t>%. &mmi 3t«si c 

£2*>|fc»|g6. ^3 <o 46 IK IS 7 XttS4 *>fei»IR8 ) £-|ftjlc. £«IS 1 3 tf>*ii»& k 

m i 2 d ft l ftuj^^ictt^T . &»)s i 3 tmmm (%2<n&i&m<> . & 3 

IS 7 Xtt» 4 <7>%t*lS 8 ) k <7>S#tt£WH£«3 ic fa ± 2 -if . -$IST-*> -o T Ji o«#1fc*>BJ 
vwt >) t * 9 >H8*JfSJ*-*4 Z k 4 . 5 "blC jfi&lti 1 2 d fr* $ $C <7H5( -f 13 £ 9 ft 

4<7>T. &IAIR 1 3 k felt ft (W 2 f>*feifclg 6> 13 <^46iKIR 7 *>jfe|*IR8 ) k 

comcomW® ^fli-^jg-f W * •) ft 4 Ji &lctL-<T . Sfc-ttfc'S <b Ic fa ±-f £ k u 7 #1* 
V'M bins. * » jg #15 1 2 d *>*tti£a»8:Wf US Ic % it L T u 4 z k ic <k 9 . S4H± * $ 
^>lcfa J:^ #5 Z k 6»T8 4. Lfci'iT. fij&fjif* o T B. w^JBHCW* 

[0148] 

ft is. &WSHt«ft*fl|J*ff k 1 3 Zffifft?Z&m k iivMc^ ft Zt&M 

nftmt LT, .i^^li 1 2 d&V&IBIS 1 3 * iHT fB t T 4 J9 a l± . Will 

*IS*frXttm»^^*^ft$ ttS/2W-T. a^^lc^^lg 1 2 d/kV^WW 1 3 £Jfi>>$ 
"t 4 Z k 

[0149] 

^ni&ft^^^^-r-s^nk^iiii 3%«iBK"r*^iak*» s o ic in - m m <n 

-7c^ k L T v S^li 1 2 d^^^Hfll 1 3 % JS^IB BR««T»BRf 4 »^ tt . WittflRIS 
^fr^Eft^ **ttitT, aScHSlcjB^/S 1 2 d&^^HIi 1 3 ZMfc-tZ Z k 6«TS h 

n 

[0 1 5 0] 

0 13. H 1 4 Tkum 15 ( a ) ~ ( c ) £#"9 L ft t * . ftfc> ^ 5 <»%MM 

JWTtt. 1 «o^|t^.1^if 6 #B #tt TO* » f <wSi^tttt 9 igS ftv^ z k 

1CLT. WTTI1, W 1 <«*tfcff3ffifcSft4j£*+'&lc»lO!'*4. 
[0151] 

13 1 3 14. *l£ifl^«5 <«95W^flBlc^4#W#Ril^W)t*^^B«*rIHBIT*>4. 
[0152] 

0 i s ic ^ -t J; 7 ic . nn S5 i o c <r> mm ic a . ^ 2 <^ > < >j t > 7 * n a 5 $ n t 



4 ^Ife^H 8 ) 2 c^^lie^ 1 4 -\|S]^oT. II]¥^frlcil^lRlc£fLLTu£ 

[0153] 

\l\ 1 4 li . flli UT, sff 2 co *\ ') t > ? * 3g A 5 ft 1 . £DS 'U t ^ ^ ( R u ) frh&it'i 

=r-^u (Ruo 2 ) tx-, mfaftizmmm&t'izitLT^ zm-Z'&zMtrizbrt & . m 

2 <r>>< ') t > 9 * K A 5 tfOH^^Rl^/R^ *««>^fli*^ LTv^ft. 3? 2 ^KHSfi^ 1 4 k 
S2<W'JT^ y ;ng a 5 k cof££-ffiMfc^T tt, * =r-^ u (Ru) lift* A3 A3 iiT 
H *) , S2^)'!')7i?A|A5 k*fc«Jg (S2 *>*&«IR 6 ; & 3 *>*6iKlg 7 Xli?i?4 co 
%ii8) k tt, SHL^t^^ (RuOj ) IBfc'JBffcSftTo*. 

HT, % 2 <nJS£» 1 4 » (8 2 <o^« 6 . 8 3 afettK 7 XI3H 4 <7>*£*i 
18) -\ fa 6> o T , JHKWtKJR*«**lt/inL"rv»*-^T» (Ru) J@®*» 

[0154] 

ft & . S2«^'IT> 9 * H A 5 lc £ Z iiS &m lc ti^I^^^H^ffl v> c ti 

if 4 0 0 r, fw & <t> M Jb'tti i. ^ti .5 &*, *&MLHlc J:otI2w^'l?y ?*1A5 fc'X 
[0155] 

«t £ ^ ft*. i9*tt**-t h-Hfrtf ILu. WTt, i?mi4£1ft £ 3? 2 >J r / 9 
A5i:owTfl*ia icIftBH -t & . 
[0156] 

$ 2 to >< 'J T > 7 ;Hg A 5 lc £ * tl -5 £135 lc \t . * 9 =.*7 U ( T i ) . v 'l 3 - ^ ( 
Zr) . *\~? - u (Hf) . ? > 7 * (Ta) » - * e ^ 2* (Nb) . 9 > r^f> ( 
W ) . >* + *J*7U ( V ) - t 1 (Mo) * * - O U (Ru) , tx^^i, (0 

s ) . n >' O U ( R h ) . -( ') y +3 U (1 r ) , >*1'J+JU ( P d ) . X It 7 => * + ( P 
t. ) ftfflv^U^. 
[0157], 

2 ^ lc fcf 3; L < IS . '< ^ U (V) . t'J-/f> (Mo) . A,t-0 U (Ru) > * 

x $ - ^7 u ( 0 s ) . p v O ^ ( R h ) . 4 ') y t u (1 r ) . ><=> u ( P d ) . X 
(J 7' 7 ^ + ( P t. ) St^ffluiiJui. C J: •? lc -t * t , St ft 5 *IT t iimtt**^ § 
< ^c^t?. ftv^ (tt»^**^S o) f)?. (&J&J5t^m 2 w< 'J T > 9 ;HgA 5 h Z. 

[0158] 

#tyM <k •) ft §1 '2 V r > ? >iB A 5 lc . M m <r> M fit 6* . S2^'<'J7> 
7 * H A 5 lc *m « ^ ^ HI ( m 2 co,^$f 3M 6 . m 3 <?>I6«)S 7 X IJ 4 <?>«i»l« 8 ) k f# 
■tSBj^-b . 12 <nMW>m 1 4 k Hftiffll?, UK W ^ IS] lc aRW lc«ft L T v^S c k lc 
J: •) , % '2 c>'< 'J r > 5? ii, BM A 5 ft SMc te u T fflflK lc $ ftf ^ffl ft 1 fiF fF "t * C k 

^ft < ft 4cOT% »' 2 'J 7 > 5 ;HJgA 5 a#<^5fcl$**iHlC|fi|±3 1*4 C k 6*T§ -5 
. Lfci'oT, IRfiKTljoTfloffi^tt^rtv^llEiMl^lr^ftfiflltt^*^^^*?! 
I$^lt5 5 «b lc , K2«'< , JT>nKA5t *fi«IS ( 9i 2 <r>fl&BM 

6. SJ 3 <o<6H»IR 7 Xli»4 «wjfe«|R8 ) k Afflfif^lc fcv^ T . Se^fll S * « < "t * 
c k lc j: n , »2^<U>7'HA5t t6«K ( W 2 <7>*fe*iH 6 , » 3 <n tik&m. 7 X U 
m 1 <^ilfei»IS 8 ) k *>ff?*tfe*|pl K 5 C k -5 k^lC , »2«'<')7> ? 'USA 

5 k £ 2 ^HfilK,^ 1 'l k<7)$&Mf#lcfcoT . ^^JDS^fR < : 1" S c k lc «fc •) . ^2^) 
^')7>?iiA5U 2 <7)J0K*ft 14 ^) iff* tt. * IS] K 5 € 4 C k § 4. 
[0159] 



YX\z. *«Wl^lff5^l5jt^»k:^*^19#IIB<?)«li3^»lcov^T, m I 4 Rum I 
5 ( a ) - ( c ) Sra^tftHfl-f ftfc, MMlc ti , 0 13 lc ^ Lfc + ftW*) 

[0160] 

If, II <n%Mftm\ztort s m 2 (a) fcfflufcifcHfl t mn\z LT, HI 5 (a) \z 
^ t J: 7 lc , ■f a. t * y v v > ffl co tf t * - >i l 0 a & VKtt jH 1 0 b <* D 4 S DDSR 1 0 

[0161] 

iXlc . 0 15 ( b ) ICTT* J: 7 lc. ISflOc coEffilctf 7 J: 7 lc. m 2<nm^m 6 , 
S 3 cofcMiH 7 4 <o*&*£ m S<z>±.lz%2<7>><') t * 9 'i MA 5%fMt5. ::T 

. S2w<')T> ?*IA5tt. 15 ^ Hfife^fJ ( A L D : a t omi c layer deposition) » 
ffc^SRfflJSfcffi ( C V D : cemi cal vapor deposition) , XttlS!R«iSfia (PVD : 
physical vapor deposition) £ £ go fifell^ tc J: o T Jj3fife-t ti li «k u . 
[0162] 

3? 2 go <•< r ^ 7 >v m A 5 co^fifeTrS tc o u T . £. tf\ I 2 go '< 'J r > ? * 
lAS^'if^Oi, (Ru) ^<bBtft* T-t7 u (RuOj) ^aiKWlclURWK^Sfl: 

[0163] 

| 2 go "J T t 7 'l Ng A 5 coffijfifelc It, ftftnltiL-f-M fife&#; ( J ounar I of The Electro 
chemical Society. 151. C109-C 1 1 2 (2 0 0 O ) fcfflu*. ccoJ§£cOfifeH&fr 12 . #U tf\ 
/I, t - (Ru) *>V-*#*fcLT» Ru (EtCp) 2 ( ^ * (x**S/*a'<> 
7>?x^O ^-r^^i,) 8 0 TC lc V - * # *£/jnH&L fcWflST. 5 0 ni L 

/mi n (IRiSWflB) go A r #*TflifK LT1JJH"**. $ fc* SttSU ti 2 5 0 °C T£> D 
, H £ « ti 4 . 5 6 X 1 0 2 T *> -5 h T* H ft 7 , $ fz . # * t L T 12 . it X 
7 OrnL/mi n (WiS^ffi) lc A r # * 1 0 0 m L/m i n (WJS^ttl) SfiaLTil 
f LT, Ru (E tCp) 2 ^W*^***;:"*: 

IC <fc ") . ^- r 7iAj^<or$ft^T-- r 7<U3;Tv ff ;&CO&lfife£&£ Z t uj 'fig - ?* 4 . 

'H^llHlkLTtt, lsec6»^10sec*TWWHIT*6. Ru (E tCp) 

*0*<&L . fGoR, Wo ft o fcco*. . &ffc#*fc#<i&L . ^Hxr 

Jlt^cti'TSli. z co — jgico+M?;u£l^-<fc>^i:-f-S <) ^H^-r-^^?: 

fife £ -r -5 $ n ic a . $31 * go $ & a ft- 4 *> ft . 

[0 1 6 4] 

mx.lt. » 2 go fettlS 6 , 3? 3 co^fe^li 7 A <73? 4 ^)^|8 go ± lc, Ru (EtCp 
) 2 go * X m PhI * 2 s e c ^ «b 1 0 s e c ^ t Mlfit® IC ^ ft ^ 4 C i: lc <k •) , 1 On 
mcoHJf ^r^-t 1 '2 go >< >) t > ?4iA5*f^tS. Z <^> <k 7 lc L T 0fife S ft 9¥ 2 
co^ ') t > 5 'H«A 5 go J£ /? ^ ft go m'T flK S go ft <n li . bu.^co0 1 '1 lC/7<Lfciffi *J T*>* 

. m 2 go / < 'j r > ? a 5 go iffl fife go m an a . *<>i in * Efts -tf s c t ic «k o t§i 

[ 0 16 5] 

/X ic . man o c &**i*>ia s n 5 * 7 ic . m y> o § ic * •) . nn« 1 0 c <w ^ sut ^ t>* 

2 cO ' * ',/ 7* > ? >H«A 5 <^±lclHJg%jejKLfcftlc, MH. W 2 go>< ') t i ? 4lA 5 lc 

!"]« 1 0 C CO Ml^<n^^T^o Til 1 8 CO ±ICffJ fife <? tlTV^ -5 §U7>^ 

C MP IC J: oTHlitfi C i: IC ck 0 . «2 <r>»BC« 1 4 j& V* *>-§BT* * 
JKJft-Tft. CC0J:^ICLT, PI 1 3 C^-tttlfcfc'-ri^tfttSii:*^** 4 C t 
4. ftte. ffiflCKihlg 5 cOfifeUM^^ C MP Stwlgt8 Oig^Z k T^HSC^^^fife^ 
4 C fc 6*T-§ -5 , 
[0166] 

w Kco j; ■? ic . ufl co m 5 co mn&ntmiz z> r go syji ic * t , x 

*-coi)*® [Sjtc £ffcLTo*SJ 2 co^* "J t > ? * H A 5 t S @ ic ^fifef 



c />m be t *>* . ttt. m&Lfzm 5 <nmmmm\z&z*i$fcmw.fr i ii-t train 

t > ?*JRA 5 tfcuT, Ifr SB <?> SB £ a* . $2^)'< ') T J 9 >imA 5 K *? I* * Ift * IS ( IS 
2<*>tt*«6, 3? 3 co*6«ffii 7 xa&4 w^liUS ) i: » 1 6 IB ft"5> . »2wiB»14 
tlit^IST'. H J5 # IS] lc il Sc fife Jc IE ft 3 ft* C £ \z J: 0 , m 2 'J t > y ;l HA 5 
A$£fcn^TfflJ«!b^EUc£fL?4^ffia*ff£-f 4 C k < &4^T, £ 2 'J t > 
7 *IKA 5 a#*>%fi***BU:|q|±3 ft4Z fc Lfci'oT, ffiSRT^oTfl 

ic, »2«'«'lT^*IA5t ($2 <»t&mm 6, S3 <7>%$Hg 7 Xttfff 4 

HIS S ) Jg £r ifi fiffi £ o T . M'iI££Si < ■t * C t lz J: 0 , S2«'<'IT>U 
JIA5k*£*ilS (3B2tf>fctSIR6 > & 3 7 XlJS 4 <ofc»JS 8 ) k co -g # 14 * ft] 

± 3 ft 4 Z t t* T S -5 k « \z . 9l2<n>< , )T > 9 >i IS A 5 k 3? 2 ^ ^ifi^ 1 4 k <^ J£ £r® 
jfiffiKJj^T, ^^^fg^rlft < -f £ C k ic £ 0 , S2^^')t ^-HA5 iS2<?>aE 

1 4 k *>S#tt * |S] X 3 ft 4 £ k *>*T 3 4 . 

[0167] 

ftU. MXT&W L/iSU ^W5*>*!fcfl3»lci*v*Ttt* * r * ? v > > mia^ffl 

t» ^ r * y v y > tuis * j* ffl -r * it a k IB] tl co #j % a* ft ^> ti * c t a i ? n-t^v^ ^ 

> r ;u ^ > iK jg£tf -5 a-ic a, fifi $3 k \£ t -f y r t **f ft -? *i HU X & ic v>T 

JftfiK£ ft 4 C k t«r 4 6^ CWJ8^<oRtt&VtfT-/7 ^tt, mj^^S 1 ~£ 5 <^ ^fefl? 
HBlcfc(t*S 2 ^IfilKiS 1 4 T&4fltf>&*ffl*8lc£*ft4. 

[0168] 

[ 121 ifii <r> ffl $. 4- aSi m ] 
[0169] 

[ixj i ] *itty<r>m i <r>%MMm\z&z t- ^ # si a ^> « it * «k »f rfli 121 t * -s . 

[0 2 ] * IE 1 «w*»0JI8lc^*^i|#SK^>ft' 2«'<'J7^ 7 ;Hllc*>l+4 

IS If 7? fSl lz ft * 4 ML-? mi& ft ffi * TP t Bl T & 4 . 
[El 3] (a) ~(c) a. 1 <?>*ttfl$»lcife**4>#l5iI^flBI3t^a* 

/j<?gfiBXftl»riftiia?*>*. 

[13 4 ] #3&Bfl<7>$- 2 «w*«if$J»lc«fe4^^#»H^«3t*'T^BtK»fnEIT*>4. 
[13 5 ] ^^H«^m 2 <^^S6iff^flilc^4¥^#^a<7>S 2 co^' 'J t > 5 1 

mm^ is] ic w + 4 Ji^anigft -tn * ^-t m x- f> 4 , 

[13 6] (a) ~(c) a. *f&BB«w* 2<?>*«l09Blc«4*i|#i!iH(W|||iS^^* 
/T<-tH^XSBrffll3T-*>4n 

[13 7] *«ifl(W»3.<w^tifi«l»lc^4*W#KK^«ffi*7<i-SIKBrffliaT*>4. 
[(3 8 ] *%s^cof; 3 <7)%MMm\z&Z>¥#<&mW<7>% 2 <n >* 'S t t 9 
^i¥^|S]lcW-t4iI^^S^tn%^-rHT-*>4, 

[13 9] (a) ~ (c) a. *ftW<nmz<r>%mBm\zikh*#WnW.<r>m&1 : 3 ! &* 

n 

[Ell 1] *ftifl^B4 ^lllt0JBlc^*¥i*'*SliK^»2^>'<-v t > 7 /ulSlctelt 

4^l?^fS]lcH1-4/HT^It^ffi^^-riaT-JS4« 

[13 12] (a) ~(c) li> *%Hfl<?)«4 ^>H»0JIBlc«fe*^V#SK^»ll)i^tt 
^^-T5?^XSKIf®ElT-^4o 

[131 3] *»^^»5 «w*tt^i»ic^*^^#iiiB:^ffiii*^^s«iKiHPiT*>-* 



10 14] ifWL^\(T>m 5 <n*ttefl2!»ic&*¥l»#Sl'*>» 2 <r>'< <) t > 9 lc i» tt 
[015] ( a ) & v ( b ) li, ^HHB^ 5 eo*«^MIk:#*^4>#Sll«>«!IJS^ 

[0 16] ^*fffllc#*^iP#|llB(W«ia^a*^-tBg5IgBfgiiEIT**. 
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1 y 'J ^ > If 

2 ^ 1 <7>*&i»flK 

4 I? 1 (OM£« 

5 JEfKRihlg 

6 g2<7>£ttlg 

8 %4<7>&mm 

10a * - >i 

1 0 b KM id 

10c QflgB 

1 1 ^liSl^ftM 

1 2 a . 1 2 b > 1 2 d »H 

1 3 &I9SH8 

14 3? 2 DfflBSftg 

A 1 , A 2 . A 3 » A 4 , A 5 S'^W^JT^nig 



0 1 


> 'J ^ > S flx 




0 2 


m i ib 




0 3 






0 4 


S 1 ^K*l 




0 5 






0 6 






0 7 






0 s 


4 £ $ Jl 




1 0 a 


tr r * - >i 




1 0 b 


mmrn 




1 0 c 






1 1 


W, 2 <r> > < ') t 




1 2 


W 3 <r> >* 'J t 




1 3 


M ~> - h* 15 




] 4 


IS IK 




1 5 a 






1 5 b 


w 2 cole m 





f 



[ i m s ) mm 

[121 1 ] 




Depth (arb.) 



[ 13 3 ] 



(a) 



10c 
10a' 10b' 




i i » r ? ititi i i ■ i i i 




8 
7 

6 
5 
4 
3 

2 
1 



(b) 



10c 



10a 10b 




I 




rrTTTTTTTTTTTTTTl ' AirftJ T ' friV A"*' ^ ITTTTTTTTTTTn 




11 

8 
7 
6 

5 

4 
3 

2 

1 



(c) 



10c 



10a 10b 




13 1 
12a >k\ 



J 



[13 4 ] 




Depth (arb.) 



[Ill 6 ] 




10c 



(b) 




10c 



[El 7 ] 



A3 




im 8 ] 



In 

CO 
i_ 
•*-> 

c 

0) 

o 
c 
o 

u 

o 

6 

o 




Depth (arb.) 



10c 



10a 10b 




[13 1 0 ] 



10c^ 






8 
7 

6 

5 
4 
-3 

2 
1 



[mi i ] 



&Mill3(RuJ]g) 



X) 

c 
o 

cd 
u 
+-> 

c 

O 

c 
o 

O 

o 

E 

o 



12d : & 





Depth (arb.) 



[012] 

10c 
'10a' 10b' 



(a) 



(b) 



(c) 




[013] 



10c ^ 




vr/MMfffMM/itta. 



i- 






8 
7 

6 

5 

4 
3 

2 

1 



[ 121 1 4 ] 



ia 

C 

o 

2 

c 

CD 
O 
G 
O 

U 

o 

E 

c 



2/<y7>^/HHA5 




Depth (arb.) 



[ 13 1 5 ] 



10c 



t A *\ 

10a 10b 




4 



[016] 




[MS] B«S 
[ B H ] 

l)»*f-si ( i ) ± ic A^fiR 5 n tz m ® JK (6 . 8) t . il&ftlg 

(6.8) 4ucfl3/££ *ifctl*>&AK« (14) k , ft$(K (6.8) fctlab&AEitt ( 
1 4 ) k'^BlcJKflRS ftfc'< 'I T > 9 * I ( A 1 ) k *1r-t4. >< 'IT^HB ( A 1 ) 
tt, fettH (6.8) &*?JFaELTV**fl|fr'btItf>&*E» (14) 6* ff £ t T V ^ $] ^|S] 
o T li lc f ft H 5 ttTv->6&HgHt« (11). m®m ( 1 2 a ) fttf&WIS (13) 
«k 9 * 0 . Ml (12a) tt. £H$HtM (11) <7>m^k^Hfli .( 1 3 ) <7>«k 
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